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Enameled Magnetic Wire 
Another Numerical Control System 
Laminates for Printed Circuits 





Wherever horsepower goes... the right wire should lead it 


Every new day brings new inventions with new needs for special wires 
to control a different use of horsepower. Belden engineers have 
pioneered with every facet of the industry—understand— meet 
these needs. What’s more, Belden is your complete source for all wires 
of a quality that means consistent savings in your production lines. 


if it’s worth engineers’ time 
it’s worth engineered wire 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord * Aircraft Wires 
Welding Cable * Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 
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SEAL GREASE IN... 





SEAL DIRT OUT... 
with SENTRI-SEAL Bearings! 


e New Departure Sentri-Seal ball bear- 
ings are prelubricated for years of service 
without attention. There’s no danger of 
over- or under-lubricating. 


e Standard-width Sentri-Seal bearings 
simplify design—eliminate need for sepa- 
rate seals and grease fittings. 


e Sentri-Seal bearings take combination 
loads from any direction—give complete 
freedom of motor mounting position. 


Rn 


DIVISION OF GENERAL/MOTORS, 


NOTHING ROLLS LIKE A BALL 
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e Bearing accuracy, maintained through 
years of service, assures retention of a 
smaller precision air gap, as well as full 
motor efficiency. 


e Sentri-Seal bearings operate through a 
wide temperature range. You’ll find they 
are perfectly suited for a great variety 
of service conditions. 


e If you are interested in better motor 
bearings, send for Information Folder SS. 


EPARTURE 
BRISTOL, CONN. 
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choose your CQeyee gt EE ey — INMANCO Hard Maple Wood Wedges will meet the 
. requirements for your electrical wedging or spacing appli- 


cations, design-wise, price-wise, delivery-wise. 
WOoD WEDGES Whatever shape or size your specifications call for, 
INMANCO equipment will usually process the wood 


for into the exact curves or angle. There are over 400 sizes 
: __—- in 20 or more shapes from which you may choose, or 


. . . where your application demands, special shapes or sizes 
@ immediate shipment— can be designed af low cust. 
18 stock SI =es All INMANCO Wood Wedges are made from straight 


grain, well-seasoned wood, usually hard maple, although 


other woods such as birch can be selected. All are paraf- 

@ lowest assem bly cost— fin tumbled to assure you of moisture resistance and easy 

june ai assembly. Paraffin treatment is optional when wedges are 
specify cut-to-slot length made to order. 

; ; Three major applications for INMANCO Wood 

@ designed shapes and sizes Wedges are illustrated as are the 8 standard shapes and 

. ‘ some of the more than 20 special shapes. Slot wedges are 

—motor or transformer Jobs designed to fit exactly the rotor or stator slot sizes and 


shapes. For quick low cost assembly on the production 
line, usually the exact slot length is specified. Transform- 
er spacer wedges are generally supplied in square or rec- 
tangular shapes in either 30” or “king-size” 60” lengths. 
Tapered transformer coil wedges are precision cut in an 
almost unlimited range of sizes. 


Request Product Bulletin 280 and sample card for 
more complete data on INMANCO Wood Wedges. 












dm |NMANCO Style 7 Hard Maple Wood Wedges in motor stator 
hold windings securely in slots 






‘W 'NMANCO Style T Tapered Wedges are used to keep transformer & 
coils tightly in place in order to prevent transformer 
vibration or hum. 
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4 INMANCO Style 4 Rectangular or Wedges are used 
for spacing in large and small transformer windings. These wedges 
ere also available in various lengths up to sixty inches. 
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48 Sizes in 8 standard shapes 





Over 400 sizes in 20 special shapes 


Inmanco products are manufactured exclusively by . . . 


MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS © 565 W. Washington Bevlevard ® Phone: CEntral 6-7320 
CLEVELAND 14, OHIO © 1231 Superior Avenue, N. E.@£ ‘ne: SUperior 1-2310 


Offices, Representatives, and Distributors in Principal Cities 


» 
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MAKE IT OF ALCOA ALUMINUM BECAUSE... 









x 


The highly corrosive atmosphere 
found in this plating room of the 
Crescent Insulated Wire Company, 
Trenton, N. J., has had no adverse 
effect on the performance of the 
aluminum bus conductor, which has 
been in operation since 1930. 


Outdoor service is a natural for alu- Low-cost, corrosion-resistant, Un- 
minum. No painting or other main- derwriters’ Laboratories approved, 
tenance is necessary after these ca- Alcoa Rigid Conduit has given ex- 
pacitor cans are installed. cellent service for over 30 years. 


THESE APPLICATIONS 
TAKE ADVANTAGE 

OF ALUMINUM’S 
CORROSION RESISTANCE 


ELECTRICAL MANUFACTURING 


Alcoa® Aluminum, whether used as a conductor in 
an electrical assembly, or as a housing or structural 
material, offers you lifetime service because of its 
ability to fight corrosion to a standstill. When ex- 
posed to the atmosphere, aluminum acquires a nat- 
ural oxide coating that effectively seals out corrosion. 
If that coating is damaged, it instantaneously reforms 
and continues its effective protection. For really 
tough applications, special alloys have been devel- 
oped that are hichly resistant to many forms of 
chemical attack. When you design and build in alu- 
minum, there are numeroas advantages: 
Economy —From initial cost and ease of forming to 
long carefree service, aluminum is the most economi- 
cal material that you can choose. 


Minimum maintenance— Aluminum parts and in- 
stallations need no protective coatings. Over the 
years of service that can be expected, this saving 
alone is considerable. 

Safety— You are protected from sudden, unexpected 
failure with corrosion-resistant aluminum. Once in- 
stalled and on the job, it offers a lifetime of mainte- 
nance-free service. 

Appearance— Aluminum has a clean, efficient look 
—and retains that good appearance long after other 
materiais have become pitted or disfigured by rust. 
Alcoa wants to help you take advantage of alumi- 
num’s corrosion resistance in the products you design 
and build. There’s a sales engineer near you who can 
offer competent advice. Look in the Yellow Pages 
of your telephone book under “‘Aluminum,”’ or write 
to Aluminum Company of America, 2315-K Alcoa 
Building, Pittsburgh 19, Pa. 


Your Guide to the Best 
in Aluminum Value 


ALCOA 0 As 
ELECTRICAL CONDUCTORS 
AND ACCESSORIES NEW! “ALCOA THEATRE” 
um campany OF & Exciting Adventure 
Alternate Monday Evenings 


Aluminum sheathing offers an added This isolated phase bus system Switchgear enclosures are often 
bonus of economy and light weight. employs aluminum for both conduc- 
Aluminum is an efficient conductor tor and protective enclosure. Alu- 
in this armored cable. minum is nonmagnetic, noncorrosive. 


located in or near corrosive atmos- 
pheres. Alcoa Aluminum assures 
long life and good appearance. 
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in This issue 


Your Classification: 
Case Histories 


Stepless Switching interpolates Punched-Card 
Position Dafa as Continuous Tool-Path Analog 


Utilizing precision toroidal autotransformers, induction po 
tentiometers and rotary switches, the Cincinnati Milling Ma- 
chine Company has achieved a numerically programmed 
analog control, with a resolution of 1 part in 100,000, for 
multi-axis contouring and profiling machines. 


Staff Report 
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Materials, Electrical/Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


Composite Fluorocarbon Laminates for Printed Wiring 


Copper foil is bonded by special process to a polymono- 
chlorotrifluoroethyelene film which is in turn backed by either 
XXXP phenolic or glass-epoxy laminate. Resulting multiple 
structure, when etched, retains the high electrical properties 
of the fluorocarbon surface, especially superior arc resistance 
even under severe humidity. Single- and double-faced 
laminates can be made, and other backing materials used. 


L. B. Allen, D. E. McElroy, and S. J. Stein, International Re 
sistance Co., Philadelphia, Pa. 
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Materials, Electrical/Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


Direct-Bonded Copper-Clad Teflon 
High-Temperature Laminate 


New type of fluorocarbon resin, Du Pont’s Teflon 100X per- 
fluorocarbon, which can be fabricated directly by standard 
extrusion and molding techniques, is bonded directly to 
copper to form a 200-C printed wiring board of superior 
characteristics. The direct bond enables the resin surface 
to retain its inherent high electrical properties after the 
circuit has been etched. 


D. E. McElroy and S. J. Stein, International Resistance Co.., 
Philadelphia, Pa 


Electrical Manufacturing 1957 October p 126 2’app 


A double-function briefing of 
the feature articles content each 
month: 


(1) A quick interpretation of 
the content of the article. 


Components, Electrical /Electronic 
Wires and Cable 

Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


Evaluation of Enameled Magnet Wire 
Properties and Applications 


\ workable knowledge of magnet wire types, their advan- 
tages and limitations, as related to specific product ap- 
plications, aids a design engineer in the selection of the best 
wire for his own purposes and in the specification of com- 
ponents and equipments that incorporate magnet wire. This 
review provides extensive property data on the major types 
of enameled wire, including those with newer enamels such 
as polyurethanes, nylon, epoxies, acrylics and _ polyesters, 
compares advantages and disadvantages, lists trade names. 


H. L. Saums and W. W. Pendleton, Magnet Wire Research 
Laboratory, Anaconda Wire & Cable Co., Muskegon, Mich. 


Electrical Manufacturing 1957 October p 129 20pp 


Components, Electrical /Electronic 


Your Classification: 
Semiconductor Devices 


Transistors in Airborne Power Supplies 


(A) Circuit and transformer design for a_ transistorized 
high-voltage power supply for cathode ray tube applications. 
(B) Circuit and transformer design for a transistorized d-c 
to d-c converter. 


(A) M. S. Chester, Electronics Div., Westinghouse Electric 
Corp., Baltimore, Md. (B) Jewel W. Moody, Design Engineer, 
Research Section, Guidance and Control Laboratory, Army 
Ballistic Missile Agency, Huntsville, Ala. 
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Your Classification: 
Case Histories 


Simple Counter Detects Machine Drift 


\utomatic size control of Heald Sizematic internal grinders 
is achieved by post-process gaging to pre-control limits. A 
fixed amount of machine correction is applied when, and 
only when, two successive pieces fall outside the pre-control 
zone in the same directions. 


Staff Report 
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(2) An indexed, subject-classi- Space is provided for insertion tional Subject Classification, a 
fied annotated reference to the of your own subject-classifica- copy will be sent to you without 


article that can be easily clipped _ tion. 
for pasting and filing on stand- 
ard 3x5 cards. 


Components, Electrical/Electronic 
Contact Devices 

Design Considerations 
Component Design Factors 


Your Classification: 


New Relay Forms for A-C Operation 


Existing relays for intrinsic a-c operation using shading 
coils or polyphase windings, and the various means of operating 
relays on a-c using auxiliaries such as rectifiers and capacitors 
all have shortcomings. Presented here are the details in the 
development of basically new forms of a-c relays, with the 
electromagnetic design analysis. 


Richard J, Coppola, U. S. Naval Air Development Center. 
Johnsville, Pa 
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Components, Electrical/Electronic 
Capacitors 

Design Considerations 
Component Design Factors 


Your Classification: 


A High-K Ceramic Capacitor for 200 C Application 


A new type ceramic dielectric is described which will with 
stand electrical stress of over 50 volts per mil at 200 C. 
Behavior of dielectric constant, dissipation factor, and insula- 
tion resistance vs temperature are demonstrated. 


C. A. Shaw, Electronics Div., Onondaga Pottery Company, 
Syracuse, N. Y. 
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Design Considerations 


Your Classification 
Specifications ond Standards 


Phofo-Template Techniques for Control Drawings 


A new technique making use of photocopying and symbol 
templates for standard components permits greater efficiency 
in preparing wiring diagrams for industrial contro] equip 
ment in accordance with NEMA specifications. 


V. F. Dugar, ; 
Reliance Electric and Engineering Co 
Cleveland, Ohio 
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charge on request. Circle No. 
If you want to adopt the 736 on the Reader Inquiry Ser- 
Electrical Manufacturing Fune- vice Cards on page 1!7. 


Your Classification: 
Systems & Servos 
Drives 
Electrical 


Multi-Function Magnetic Amplifier Control for Large Motors 


The use of both the dynamic and the statie eontrol char 
acteristics of a magnetic amplifier for supervision of relays 
in the control and protective circuits of large synchronous 
motors is detailed. The theory of the magnetic amplifier 
role in this function is presented, with circuit diagrams and 
descriptions of the complete system. 


John Baude, Switchgear Department, Alle-Caalmers Mfg. 
Co., Milwankee, Wiseonsin 
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Design Considerations 
Maintainability 


Your Classification 


Design for Ease of Maintenance 


Maintenance factors to be considered by the design engince: 
to reduce equipment “down time” and ease traiming require 
ments for maintenance personnel 


S. J. Lanzalotti 
U. S. Army Signal Engineering Laboratories 


Fort Monmouth, N. J 
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Design Considerations 


Your Classification 
Specifications and Standards 


Advancement in International Electrical Standards 


A composite report of progress made on specifications for 
switchgear, rectifiers (including semiconductors), lighting 
equipment, and batteries at the 1957 meeting of the Inter 
national Electrotechnical Commission held in Moseow 


Staff Report 
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Nominal Performance Characteristics of Typical SPRAGUE Magnetic Shift Registers 


OPERATING FREQUENCY 
5 Maximum (kc) 


0-25 





8 Recommended (kc) 
|) VOLTAGE SIGNAL LEVEL 


| SHIFT PULSE 
Nominal Operating Current (ma) 


- we Drop per Stage Wv) 


Rise Time (usec) 
Fall Time (usec) 
Peak Pulse Power (watts) 


/ INPUT PULSE 
' Amplitude (ma) 


Duration (usec) 


PARALLEL OUTPUT PULSE 
Amplitude (ma) 


Ratio (min.) 


0-20 





Load Impedance (ohms, min.) 
) DIODE TYPE (or equivalent) 
| ENGINEERING DATA SHEET 


0-100 


0-200 
0-190 


sea laial tl 
[| 4 [is | 30 | 4 fis | so f 4 [is | 


Eo 10,000 | 18,000 | 


7 5 | 15 


rai 9113 | 9115 |} 9121 {9123 


9125 


9131 | 9133 | 9135 


core-diode type magnetic shift register assemblies 


. 100% pulse performance tested 


Wherever you use Sprague Magnetic 
Shift Register Assemblies ...in the 
air or on the ground...in counters 
for industrial controls or basic logic 
circuits for computers. . chances are 
you'll be looking for uniformity and 
reliability. That’s why Sprague uses 
truly reliable components throughout 
their construction. Why every core 
used is subjected to rigid switching 
tests before installation. And why every 
assembly is 100% pulse performance 
tested before shipment. 

Packages matched to the application 


SPRAGUE COMPONENTS: 


MAGNETIC COMPONENTS + TRANSISTORS °* 
FILTERS «+ PULSE NETWORKS + HIGH TEMPERATURE MAGNET WIRE - 


8 


assure long register life at minimum 
cost. Register assemblies for ground 
use are available in hermetically sealed 
corrosion-resistant metal cases with 
glass-to-metal solder-seal terminals for 
severe environmental conditions, or 
embedded in plastic for moderate en- 
vironments. Special minimum volume 
airborne packages are ideal for limited 
space applications. 

All standard packages are character- 
ized by terminal spacing that simplifies 
external mounting of semi-conductor 
diodes, or they can be permanently 


RESISTORS °« 


Circle 107 on page 17 


CAPACITORS -« 


packaged as integral assembly com- 
ponents in Sprague special designs. 

Single and multiple stage register 
assemblies are available with read and 
write provisions to meet most system 
requirements. Standard designs can 
easily be modified with additional 
windings to perform various logical 
operations. 

For Data Sheets on core-diode type 
magnetic shift register assemblies, 
write the Technical Literature Section, 
Sprague Electric Company, 307 Mar- 
shall St., North Adams, Massachusetts. 


SS 
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Research 
Horizons 


improved-Machinability 
Carbon and Alloy Steels 


The controlled addition of copper to 
steel bars has been found to  signifi- 
cantly improve machinability. This 
method is covered in U. S. Patent No. 
2.789,069, issued to E. S. Nachtman, 
director of research for La Salle Steel 
Company. Hammond. Ind. An improve- 
ment in physical and mechanical prop- 
erties is also reported. 

The so-called “copper controlled 
chemistry” has been developed in an 
attempt to overcome some of the diff- 
culties previously encountered in the 
use of lead, silicone. sulfur and _bis- 


co _ ‘ 
hae * 


Chemical Energy of Gases into Electricity: 
These nine hollow, porous carbon elec- 
trodes grouped within a round plastics 
housing represent a practical fuel cell 
developed at the Parma Research Lab- 
oratories, National Carbon Company, 
Division of Union Carbide Corp. This 
cell represents the direct conversion of 
chemical energy of gases into electricity. 
\ solution of potassium hydroxide acts 
as the electrolyte in the electrochemical 
reaction. 
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muth to improve machinability. By the 
new technique. copper is added to the 
steel by normal procedures and _ is 
uniformly distributed. La Salle’s field 
and laboratory tests indicate that steel 
bars with controlled copper content 
show a 10-per cent increase in ma- 
chinability in comparison with stand- 
ard free-machining steels of same 
strength and same carbon content. 
Minimum tensile strength is guaranteed 
to remain at 100,000 psi in sizes 
through 2 in. and 90,000 psi through 
3-34 in. 


Magnet Wire 
Test Methods 


Current projects in magnet wire insula- 
tion under sponsorship of Subcommit- 
tee X of ASTM Committee D-9 on 
Electrical Insulating Materials include 
consideration of test methods for resist- 
ance to Freon, oil and askarel conta- 
mination; moisture resistance; and 
varnish and compound compatibility. 
Also under discussion at the last meet- 
ing of the subcommittee were methods 
for measuring insulation thickness on 
magnet wire, cut through and thermal 
plasticity, abrasion, solderability and 
bond test. 


Superconducting 
Memory Cell 


Superconductivity of materials at ery- 
ogenic temperatures (near absolute 
zero, 459.7 F) has been applied to 
the development of a high-speed mem- 
ory device at the laboratories of Inter- 
national Business Machines Corpora- 
tion, Kingston, N. Y. As described by 
IBM’s James Crowe before the Fifth 
International Conference on Low Tem- 
perature Physics and Chemistry Mad- 
ison, Wisconsin, this memory cell is 
constructed entirely by vacuum evap- 
oration of thin films and can be se- 
lected by coincident current or by 
other techniques, with drive current 


requirements less than 150 ma. The 
short transition time of the trapped 
flux cell indicates its possible use in 
high-speed memories. The supercon- 
ductive film memory does not exhibit 
the problem of “delta noise” in core 
memories resulting from the difference 
in half-select pulse outputs. 


Cryogenic 
Research 


Developments in cryogenic properties. 
processes, applications and equipment 
were reviewed in some 40 papers 
presented at the 1957 Cryogenic En- 
gineering Conference, sponsored by 
the National Bureau of Standards 
Boulder (Colorado) Laboratories, Au- 
gust 19-21. 

Two sessions were devoted to tests 
of materials under cryogenic conditions 
(temperatures approaching absolute 
zero). Here. briefly, are the results of 
several projects: 

Epoxy Resins as Cryogenic Struc- 
tural Adhesives—R. M. McClintock 
and M. J. Hiza, CEL National Bureau 
of Standards: Values down to 20 Kel- 
vin have been obtained for some prop- 
erties of filled epoxy resin adhesives. 
Tensile and shear strengths of copper- 
to-copper bonds were measured under 
various conditions of test and pretest 
temperature, curing time and tempera- 
ture activator content, bond thickness. 
and metal preparation. 
measurements were made on several 


Compression 


adhesive bonds at two temperatures. 
Thermal expansion of the cured ad- 
hesive was measured between 76 K 
and 300 K. 

Impact Testing of Alloys at Lou 
Temperatures—R. P. Mikesell and R. 
P. Reed, CEL National Bureau of 
Standards: Aluminum, copper and 
Haynes alloys were impact tested over 
the temperature range of 20 K to 298 
K. Testing near 20 K was accomplished 
by containing liquid hydrogen in a 
“paper boat” attached to the specimen 
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Research 
Horizons 


while it was rapidly transferred from 
the bath to the impact apparatus. 
Difficulty in precisely machining to 
ASTM specifications with regard to 
Charpy V-notch and keyhole specimens 
was overcome by the use of special 
tools. Although a few alloys fractured 
in a brittle type of behavior, the ma- 
jority exhibited toughness throughout 
the temperature range. 


Thermal Conductivities of Commer- 
ial Aluminum Alloys—W. J. Hall, R. 
L. Howell, and H. M. Roder, CEL Na- 
tional Bureau of Standards: The ther- 
mal conductivities of some common 
commercial aluminum alloys have been 
measured from 4 K to 120 K. The 
thermal conductivities and some uses 
and properties of the following alu- 
minum alloys are reported: 1100-0, 
1100-F, 3003-F, 2024-T4. 5052-0, 5154-0, 
and 6063-T5. A pure aluminum single 
crystal was also measured. Also in- 
cluded are the chemical compositions 
and physical properties, such as grain 
size and hardness, for the samples that 
were measured. 


Friction Studies of Various Mate. 
rials In Liquid Nitrogen—D. W. Wis- 
ander, W. F. Hady, and R. L. Johnson. 
National Advisory Committee for Aero- 
nautics: Friction, wear and _ surface 
failure properties of various materials 
were determined in liquefied nitrogen. 
The data were obtained at 2300 ft per 
min sliding velocity and 1000 grams 
load with a hemisphere (3/16 in. ra- 
dius) sliding on a flat surface of a 
rotating disk. The surface failure 
mechanism for metal combinations is 
basically the same at —320 F in liquid 
nitrogen as at room temperature. Sur- 
face welding, galling, metal transfe 
and plastic flow of surface metal were 
observed for metal combinations in- 
cluding SAE 1020, SAE 52100, type 
140-C stainless, and type 304 stainless 
steels. Friction coefficients of 0.5 and 
higher were determined. Various non- 
metallics including carbon, phenolic 
laminates and filled Teflon were run 
against metal. Phenolic laminates 
formed thin smear films on mating 
metal surfaees, and gave relatively high 
friction. Filled Teflon gave lower fric- 
tion and wear than any of the other 
materials studied. Some Teflon compo- 
sitions, however, gave high friction 
and wear. A cermet that has been used 
successfully as a high temperature seal 
ring failed. Subsurface brittle fracture 
of the cermet occurred during sliding 
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Current Problems in 
Printed Circuitry 


The five most pressing problems en- 
countered in printed circuitry design, 
according to the members of the Pro- 
fessional Group on Plastics in Elec- 
trical Insulation of the Society of 
Plastics Engineers, are these: 


1. New methods of producing printed 
circuitry. 


2. Effect of environment on electrical 
properties of laminates. 


3. Adhesives (for bonding metals to 
base). 


. Quality control in printed circuit 
materials and processing. 


5. Protective coatings. 


Other problems include: Plating. 
effect of environment on bond strength; 
plated-through holes; flush circuits: 
metallizing plastics; production equip- 
ment; fluxes, solders and production 
soldering techniques; flexible circuits; 
printed circuit components and con- 
ductive inks; application of wear-re- 
sistant metals; control of raw materials. 

The types of metals used for clad- 
ding apparently provide no problem; 
there was a zero vote for this cate- 
gory. 


More on Polypropylene 
Plastics Developments 
Recent “Research Horizons” item on 


polypropylene developments in Italy 
(August issue. page 9) has brought 


reader requests for more information. 
From our own correspondent in Milan, 
we have the following rundown of the 
present position of this new material: 


1. Production by Montecatini, the 
Italian manufacturers, is still in 
a pilot-plant stage. Only small 
quantities are available for test- 
ing and experimental purposes. 
Montecatini does not permit re- 
sale of finished molded parts as 
yet; moreover distribution of sam- 
ple parts is subject to their per- 
mission. 


2. Present cost of polypropylene is 
approximately 60¢ per lb. 


. It is believed that work is being 
done to improve the low-temper- 
ature properties of the material 
(which tends at present to brittle- 
ness). This may be achieved. 
however, only at the expense of 
existing high-temperature 
acteristics. 


char- 


. Working temperature of polypro- 
pylene has been given as 150 C. 
but some engineers question this 
figure; in their opinion, the max- 
imum operating temperature is 
more likely to be nearer 125 C. 


». Montecatini is working with a 
dozen or so combinations of mo- 
lecular weights and degrees of 
crystallinity. It is not known, as 
yet, which of these will finally 
evolve as the commercial grades. 
Typical properties of experimen- 
tal grades of Montecatini’s Mo- 
plen polypropylene are given in 
the table that appears elsewhere 
on this page. 


—A.E.J. 


Experimental Data on Polypropolene Plastics’ 


Property 


Specific gravity, gm/cu em 

Apparent density (in granular 
form), oz/cu in. 

Tensile breaking load, psi 

Elongation to breaking, per cent 

Izod impact (unnotched speci- 
men), ft-Ib/sq in. 

Resistance to compression, psi 

Rockwell hardness, R scale 

Melting temperature, deg C 


Thermal conductivity, 
cal/sq cm/sec/deg C/cm 
Specific heat, cal/gm/deg C 
Coefficient of linear thermal ex- | 
pansion/deg C 
Vicat softening point, deg C 
Maximum temperature in use, no 
strains present, deg C 
Volume resistivity, ohm-cm 
Dielectric strength, vpm 
Dissipation factor at 10° cps 
Dielectric constant at 10° cps 


"Source: “‘Moplen Polypropylene,” P. Musso, Milan, 


lish units. The Moplen materials are 
"ASTM, unless otherwise stated 


| crystallographic 
microscope 


D-696 
DIN 57302 
D-257 
D-150 
D-150 


Moplen 1 
| 0.90-0.91 


Moplen 2 
0.90-0.91 
0.23 0.23 


4000-4600 4200-5000 
500-700 500-700 


>37 > 37 
8000-9200 8000-9200 
90-95 85-90 
164-170 164-170 


3.3x10-4 3.3x10-* 
0.46 0.46 


11x10 -5 11x10-* 
105-110 100-105 


150 150 
>8x10'5 > 8x10!* 
760-820 760-820 

0.0002-0.0003 | 0.0002-0.0003 
2.0-2.1 2.0-2.1 


Italy. Original metric values converted to Eng- 


being produced experimentally by Mentecatini in Italy 
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A MEASURE 
OF PROGRESS 


From one item—Teflon* insulated 
magnet wire— Hitemp Wires, Inc. has 
pioneered an immense variety of both 

commercially standard and highly 


specialized products. 


Today, manufacturers who rely 

on Hitemp’s full line or wires, tubing, 
lacing cord, tape, cables, cable assemblies 
and even marking fluid, enjoy the 
comfortable feeling of knowing that no 


better...no more reliable source exists. 


Whether your problem is heat, 

up to +500°F., or cold to —130°F ; 
dielectric characteristics (low loss factor, 
dielectric strength or high insulation 
resistance) ; chemical inertness ; 
flexibility ; resistance to moisture; or thin 
wall insulation...design your product, 
improve it and protect it with 

Hitemp wires and cables. 


WIRES, INC. 


1200 SHAMES DRIVE 


WESTBURY, NEW YORK 


816-757 
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‘% STILL 
OPERATING 


40 60 80 100 120 


Q% RATED LIFE 


lf you want 
reliable transformers 
..don’t overlook this old solution 


Right now, you demand more from 
transformers than ever before. You 
must have high reliability, even at 
extreme altitudes, and you need 
smaller lighter units. 


Used, and proved, for decades, oil- 
encased transformers should not be 
forgotten in a search for new 


methods. 


Everyone knows the advantages: 
effective convection of heat, excel- 
lent insulating properties, complete 
insurance against hidden leaks. Oil- 
sealed types (with a nitrogen bub- 
ble) are good, light, high-altitude 
transformers. Gas-free oil-filled 
types (with a bellows to allow for 
heat expansion) withstand very high 
voltage stresses. Except in the small- 
est sizes, they save space, too. 


You can place several high voltage 
units close together in a single oil- 
filled case, and save case weight. 
Those connections moved inside the 
case no longer need large insulators. 
Even the units themselves can be 
smaller. This all adds up—particu- 
larly in high altitude service—to 
interesting savings in space and 
weight. 


We make all sorts of transformers 
and special assemblies for the com- 
munication industry: encapsulated, 
cast in epoxy or foam, and just potted 
in pitch. But oil transformers still 
have an important place. 


Whatever type you need, we'll be 
glad to hear from you. Our facilities 
in design, production, and quality 
control are at your service. Our 
experience, too. 


CALEDONIA 


Dept. EM-10, Caledonia, N. Y. 
In Canada: Hackbusch Electronics, Ltd. 
23 Primrose Ave., Toronto 4, Ontario 
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Pius or Minus 


Random Comments of the Editors and Readers 


Feedback Wanted 


We are still looking for a good title 
for this column. “Plus or Minus” could 
have read “Give or Take,” meaning 
there is more than one side to any 
question or discussion . and that 
we would like to hear the other side 
once in a while. 

Specifically, without stating it in so 
many words, when this department 
was set up we had meant to convey 
the desire of receiving and printing 
comments or feedback from our read- 
ers in regard to previously published 
material, or any pithy comments of 
interest to fellow design engineers. 
To that end we have tried to get a 
bit controversial now and then, par- 
ticularly on the Editorial page. Occa- 
sionally we have encouraged an author- 
contributor to stick his neck out. 

Perhaps our column subhead scared 
the reader off, so we have amended 
it this month with the addition of a 
specific reference—invitation if you 
please—to the reader. 

Communication—and that is the 
heart of our business—is not a one- 
way line. Let’s have more feedback. 

F.J.O 


Insularization 


The inspiration for this word-concoc- 
tion is a recent New Yorker paragraph 
venting “fervent against the 
word miniaturization”. The 
fret was directed at 
Company 


protest 
editorial 
Anaconda 
advertising which had also 
created jumboizing. It went on to “wish 
the National Association of Manufac- 
turers would call in all the jumboizers 
and miniaturizationists and bang their 
heads together”. 

Our inclination is to agree with the 
general notion expressed, but we de- 
mur at any implication that there are 
absolute rules or precedents to be used 
when a new conception or situation 
demand for a new word. 
which of course occurs frequently in 
a complex and changing technology. 
If polymer can become polymerize 
and polymerization, then why not min- 
iaturization? Contrariwise (if there be 
such a word outside Alice in Wonder- 
land) the Latin insula (island) became 


some 


creates a 


both insular and insulate, thus safe- 
guarding us against insularization. Un- 
less our caption starts some- 
thing. 

Speaking of insular, though, where 
has the New Yorker editor been is- 
landizing so effectively that he con- 
siders miniaturization to be a_here- 
and-now invention of the Anaconda 
Company’s advertising copywriter? 

A.E.R. 


abov e 


Paul’s Plausible Parables, Vol. | 


If an apple fall upon the head of a 
philosopher it maketh him think. Sup- 
pose the apple falleth from a height 
of one yard and one theory is pro- 
duced thereby. If it fall from two 
yards, two theories must occur to the 
philosopher; if three yards, three the- 
ories, and so on. Now, it follows as 
the night the day, that, if three apples 
fall from a height of five yards upon 
the head of the once kindly old phi- 
losopher, each apple provoketh five 
theories. A group of five theories may 
be said to be represented by each 
apple. May we not then multiply 
height by apples and call our product 
theories? It is good to do thus, just 
as it is good to multiply amperes by 
volts and call our product watts; but 
here it is the wise man who thinketh 
not he meaneth what he says. P.G.J 


Full Steam Ahead — 
Automatically 


One of the automatic features of the 
elevators in a building we frequently 
visit has always interested us. We 
assume it is an automatic feature 
since close attention to the operator's 
actions has failed to turn up any con- 
trary evidence. As the car leaves a 
particular floor, it proceeds somewhat 
cautiously, at a moderate speed, for 
about two floors. If there has been no 
call to stop at either of those floors. 
however, and presumably if its mar- 
velously perceptive devices foresee no 
stops in the near future, it shifts into 
a higher speed and off we go. 

The effect is almost human—the ex- 
hilaration of acceleration after the 
trial start—and it is particularly rep- 
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e 
Requires Fewer istics could be obtained only from beam power tubes. Where both 
a * performance features were demanded it was often necessary to re- 
Passing Tube Sections sort to parallel operation of a large number of tubes, or by compli- 
* cated control amplifier circuits. 
Permits Lower 


Circuitwise, the 6528 may be used with both triodes in parallet 
° e for one high current output, or they may be separated to provide 
Range Control Circuits two different regulated outputs. The possibilities for circuit simpli- 
fication, space conservation and production economies are, of course, 
This Chatham Twin Power Triode provides both low internal drop ana = 9pparent. 

excellent control sensitivity. Series regulators have previously had to For more information about the 6528, or for help with any special 
compromise these characteristics. The very low-mu triodes provided tube problem, write Commercial Engineering Section, Chatham 

adequate low tube drop while the high sensitivity control character- _ Electronics, Division of Tung-Sol Electric Jnc., Livingston, N. J- 


DESIGN FEATURES RATINGS 
For reliable long life operation the 6528 features: Max. Plate Dissipation per tube 60 watts 


1. Hard Glass Envelope—permits tube to be more fully out-gassed in manu- 
facture and to run at higher temperatures during life without gas evolution— 
more resistant to thermal shock. 


Max. Plate Dissipation per section 30 watts 


Max. Steady State Plate Current per section 
2. Graphite Anodes—zirconium coated to provide one of the best “gettering” 300 mo 


agents known—graphite undergoes virtually no expansion with temperature 
a. — ’ Max. Plate Voltage 400 volts 


3. Extra Rugged Grids—gold plated molybdenum lateral wires supported by 


Max. Heater Cathode Voltage 300 volts 
massive chrome copper side rods. 


ab ” 
4. Oversized Cathodes—provide adequate emission reserve—no deteriora- Amplification Factor 7 
tion on standby. 


Transconductance per section* 37,000 umhos 
5. Rugged Construction—mount is supported by six flexible metal snubbers and 


ceramic stand off insulators—heavy button stem has widely separated support *Average characteristics at Eb =100v, Ec= —A4v, 
leads. Ib = 185 ma. 


TYPICAL VALUES FOR REGULATOR SERVICE 


Current per Range of Tube Minimum Grid Voltage 
Triode Section Voltage Drop Tube Drop Swing 


200 ma 65 vx. 70 v. 10 v. 
150 120 60 20 
100 225 45 35 


Write for Complete Technical Information 
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George learns about 


commutators al 
oe 


Once there was an 

unhappy manufacturer named 
George. George wasn't 
unhappy to be a manu- 
facturer—but because 

of the headaches he 

was getting, 

manufacturing his 

own commutators 


Not the least of these were caused by the sight 
of growing piles of scrap—the problem of 
inventory, investment 
in extra equipment 

and stock 
and a lot of other 
things like thot 


Then, one day George consulted Toledo Com- 
mutator’s Engineers, who convinced him he 
should accept trial shipments of precision Toledo 
Commutators—(made to his specifications, of 


V Now, as you may have 
guessed, this is a story 
with oa happy ending... 
For when George 
switched to Toledo 
Commutators, his product 
wos BETTER than ever! 
The cost? Less than 
before! Scrap pile? 

All gone! His head- 
aches? All better! 


Moral: There are some headaches 
that aspirin can't cure! If there's a 
place in your product for a commu 
tator or collector ring, then there s 
a place where TOLEDO COMMU 
TATOR can save you money and 
reduce your 

productior 

problems 

Write today 


toledo 


commutator co. 


Owosso 6, Michigan 
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resentative of the human engaged in 
science or engineering. After the suc- 
cess of preliminary experimentation, 
the engineer proceeds “full steam 
ahead” with development and design. 
Conversely, to do otherwise, to rush 
ahead without initial research or not 
to take advantage of successful experi- 
ments, is a human failing not tolerated 
in the automatic perfection of the 
elevator. J.R.R. 


From Scratch 


We have commented before that our 
British cousins are filling their techni- 
cal journals with advertisements for 
engineers—electrical, electronic, me- 
chanical — as well as physicists and 
chemists. “Electronic Engineering” 
(London) devoted its lead editorial 
(“Commentary”) last June to the 
pressing shortage of scientists and 
technologists in Great Britain. 

What also struck our eye among the 
ads was one by a weapons research 
laboratory seeking “senior electro- 
mechanical engineers with some know- 
ledge of basic electronics for ab initio 
development of precision measuring in- 
struments.” In other words the manu- 
facturer wanted engineers capable of 
initiating designs from scratch, or so 
we read the Latin phrase, with the help 
of Webster. The British apparently ex- 
pect the average engineer to have had 
some grounding in dead languages. The 
typical American engineer either never 
declined amo, amas, amat or dropped 
Latin after Caesar’s Gallic Wars, once 
he made up his mind toward an en- 
gineering career. F.J.O. 


More on Form and Function— 


Come to think about it, the term 
“function” is grossly misunderstood 
and misused. The greatest confusion 
arises from the elements of so-called 
appearance styling. Does appearance 
flow naturally out of the function? Is 


This Month’s Cover 


THE COVER COMPOSITION is an art- 
ist’s abstraction of electromagnetic 
induction, one of the functions of 
magnet wire applications. The end 
products in which magnet wire is 
utilized, such as transformers, mo- 
tors windings, relay coils, induc- 
tors, solenoids and others’ are rep- 
resented by the standard graph- 
ical symbols in the background. 
The basic abstraction has been 
adopted from a chapter heading 
drawn by Libuse Lukas Miller 
for “Analytical Experimental 
Physics,” by H. B. Lemon and 
M. Ference, Jr., The University of 
Chicago Press, Chicago (1953). 


it superimposed? It is permissible to 
superimpose, or does this approach 
violate good design? In the main, a 
good deal of nonsense has been said 
and written on these questions. The 
sensible thing is to set up this postu- 
late: It may be one of the functions 
of a product to give its owner or user 
certain aesthetic, psychological and 
physical pleasures. 

If a dictating machine, for example, 
is designed for use in a high-echelon 
executive office, it is a perfectly sound 
and functional design objective to 
evoke in its user emotions of pride. 
The strict elimination of ornamentation 
and decoration in much of our modern 
architecture is one explanation for 
much of its dismal lack of character. 
A simple tracery of ornamentation on 
plain Indiana limestone has far more 
meaning than a dozen repetitive towers 
of stainless, aluminum, plate glass and 
porcelain enamel. A.E.J. 


Reader to Editor to You 


Early Automatic 
Domestic Toaster 
D. A. ROGERS, President 
DAYTON ROGERS MANUFACTURING CO 
Minneapolis 
ENCLOSED IS A PHOTO of an early 
automatic domestic toaster constructed 
and patented by me back in 1920. 
Strange as it may seem, a number of 
them are still in use. The one at the 
right was the first working model, at 
the left, the original tooled model, with 
a housing of nickel-plated steel. 
What made the toaster “automatic” 
was the dial-type clock timing device 
which allowed the user to select four 
timing periods, depending upon the 
freshness of the bread. The bread was 
raised into the heating zone manually 
and was removed mechanically from it 
at the end of the selected time. After 
one side was toasted, the bread had to 


ecroer 
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Why CLARK Type ‘PM’ RELAYS give you more 


contacts per square foot of panel space! 


Unique Features Produce Rugged Yet Compact Heavy-Duty Relay... 


a - —_ 

TT Fa e 
2 he ay ik) mh a ty! 
; r ; 


r Pe 5 
er es ot 


SECTIONAL POLE CON.- ek ~ i BUILT-IN WIRING SHELF . 
STRUCTION. A Clark exclu- ee 1 The melamine tops of the pole 
sive ... With each pole in its a ty] ft TT 4} r FP if (Tt nak : assemblies provide an insulat 
individual melamine cham- at on Ss) & 7 : ing shelf free of current-carry- 
ber, space between relays for thd ing parts. Wiring can be bun 
electrical clearance is un } wot . dled or laid flat right on top 
necessary. Front-mounted bak ou | tree. wy of the relay, saving additional 
terminals eliminate need for - ’ = . & t space between rows. When wir- 
extra side clearance. Sides of rai. a + ing troughs are desired, they 
contact blocks are flush with Z z ' es i _..¢ can be placed much closer to 
edges of mounting plate. | ’ the top of the relay. This fea- 
ture is another Clark exclusive. 


EIGHT-POLE SINGLE DECK 

. Only Clark makes it pos- 
sible to have an eight-pole UNIFORM DIMENSIONS .. . Clark type “PM” relays ¥%e'' MAGNET CLEARANCE... 
relay with single-deck wiring are an integrated line designed so that they can 
At the same time, it uses be mounted side by side in perfect alignment with 
every square inch of space on each other. In addition, the double-deck models 
mounting plate, and lines up have identical mounting dimensions with Clark type 
perfectly with Clark 2, 3, 4 “CY”, size 1 starters. Result: Neater, more uniform 
and 6-pole single deck relays. and more compact control panels. 


That’s all the space needed to 
remove magnet and change 
coil, In overall panel construc- 
tion and layout, this feature 
saves space by reducing amount 
of space between rows. 


FREE TEMPLATES! 


FREE TEMPLATES! Write for kit of actual-size photo-templates 
of type “PM” relays mounted on heavy cardboard. A great time- 
saver in laying out control panels. Each template has detailed 
dimension drawing and pole arrangement on the back. 


€ CONTROLLER Company 


Everything Under Control 1146 East 152nd Street Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS, LIMITED #© MAIN OFFICES AND PLANT, TORONTO 
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SELECT-O-PUSH 
SAVES SPACE 
WITHOUT 
SACRIFICING 


FUNCTION! 


One unit, the Westinghouse Select- 
O-Push, combines a pushbutton 
and selector switch to do the job 
normally requiring two assemblies. 
It cuts panel-front space need 
by half. 


When wired with a standard 
double-pole contact it becomes 
versatile in limited space, freeing 
valuable enclosure area. 


The same attention to detail 
built into all Westinghouse controls 
applies to the Select-O-Push. It 
functions excellently where mois- 
ture threatens. Tight-fitting gas- 
kets, stainless steel shafts, preci- 
sion milling—all help keep out 
harmful liquids. 


A Guide to Contro/ (B-7022) 
will tell you more about Oil-Tite* 
controls. The new 72-page Push- 
button Guide (B-6749) will give 
you information on the complete 
line. Write to Westinghouse, Box 


868, Pittsburgh 30, Pa. *Trade-Mark 
§-30254 


you can BE SURE...1F ITs 


We stinghouse 
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be reversed and the timing mechanism 
redialed. Heater consumed about 800 
watts. 


“Who Makes a Reversing Motor 
With Built-In Memory?” 


WILLIAM GROSS 


THe Berter-Bitt Door Co. 
Egg Harbor City, New Jersey 


We have been reliably informed 
that someone is manufacturing a mo- 
tor which as long as it continues to 
run will run in one direction. How- 
ever, when it is stopped and started 
again it will automatically reverse. 

In our business we use a consider- 
able number of fractional-horsepower 
motors and this feature would be a 
big advantage in simplifying our cir- 
cuits. 

If it would be possible for you to 
advise us who mannfactures a motor 
of this type. we would greatly ap- 
preciate it. 


Editor’s Comment: 


Can a reader provide Mr. Gross 
with the name and address of such 
a motor manufacturer? 

00 


Coming Up 


Influence of fin dimensions on cooling of 
semiconductors will be an important 
article in the November issue coming 
up. . . . contains basic cooling data 
by treating a somewhat special problem 
in depth. Other features will include: 
Design of shrouds for blower wheels 
(that cooling problem again). .. . an 
analysis of the basic circuit principles 
of Digimatic Contouring control De- 
veloped by Electronic Control Systems. 
Inc. on the West Coast 
laboratory stage. some new develop- 
ments in high-aluminum iron alloys for 
magnetic applications .. . some unusual 
applications of sealed mercury contact 
relays... . an appraisal from RCA on 
the relative effectiveness of various 
shielding materials for protection ot 
electronic circuits and components from 
nuclear radiation . . . choice of materials 
and components for product identifica- 
tion... . a discussion of the comparative 
value of several hermetic sealing tech- 
niques and the measurement thereof. 
and other subjects of interest. 
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@ Use Inquiry Cards To Get More Information on Any Advertised Product or Service 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by December |, 1957. 


1 
1 
; ADVERTISED PRODUCTS OR SERVICES 
! | 
; 101 126 151 176 201 226 251 276 301 326 351 376 401 426 451 
; 102 127 152 177 202 227 252 277 302 327 352 377 402 427 452 
; 103 128 153 178 203 228 253 278 303 328 353 378 403 428 453 
104 129 154 179 204 229 254 279 304 329 354 379 404 429 454 
105 130 155 180 205 230 255 280 305 330 355 380 405 430 455 
; 106 131 156 181 206 231 256 281 306 331 356 381 406 431 456 
107 132 157 182 207 232 257 282 307 332 357 382 407 432 457 
108 133 158 183 208 233 258 283 308 333 358 383 408 433 458 
109 134 159 184 209 234 259 284 309 334 359 384 409 434 459 
110 135 160 185 210 235 260 285 310 335 360 385 410 435 460 
111 136 161 186 211 236 261 286 311 336 361 386 411 436 461 
112 137 162 187 212 237 262 287 312 337 362 387 412 437 462 
113 138 163 188 213 238 263 288 313 338 363 388 413 438 463 
114 139 164 189 214 239 264 289 314 339 364 389 414 439 464 
115 140 165 190 215 240 265 290 315 340 365 390 415 440 465 
; 116 141 166 191 216 241 266 291 316 341 366 391 416 441 466 
117 142 167 192 217 242 267 292 317 342 367 392 417 442 467 
118 143 168 193 218 243 268 293 318 343 368 393 418 443 468 
119 144 169 194 219 244 269 294 319 344 369 394 419 444 469 
120 145 170 195 220 245 270 295 320 345 370 395 420 445 470 
121 146 171 196 221 246 271 296 321 346 371 396 421 446 471 
122 147 172 197 222 247 272 297 322 347 372 397 422 447 472 
123 148 173 198 223 248 273 298 323 348 373 398 423 448 473 
124 149 174 199 224 249 274 299 324 349 374 399 424 449 474 
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 
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Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 20C 


New Literature 
Latest Catalog and bulletin offerings starting on 
page 302 

Reprints of Editorial Features 


Article reprints, available without charge, 
listed on page 324 
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516 531 546 561 576 621 636 651 666 681 701 716 731 
517 532 547 562 577 622 637 652 667 682 702 717 732 
518 533 546 563 578 623 638 653 668 683 703 718 733 
519 534 549 564 579 624 639 654 669 684 704 719 734 
520 535 565 580 625 640 655 670 685 705 720 735 
521 536 566 581 626 641 656 671 686 706 721 736 
522 537 567 582 627 642 657 672 687 707 722 737 
523 538 568 583 628 643 658 673 688 708 723 738 
524 539 569 584 599 629 644 659 674 689 709 724 739 
525 540 570 585 600 630 645 660 675 690 710 725 740 
526 571 586 601 631 646 661 676 691 711 726 741 
572 587 602 632 647 662 677 692 712 727 742 
573 588 603 633 648 663 678 693 713 728 743 
574 589 604 634 649 664 679 694 714 729 744 
575 590 605 635 650 665 680 695 | 715 730 745 
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address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by December |, 1957. 
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compact... power-packed 


New General Electric 


REDUCE YOUR 


COMPLETE LINE AVAILABLE 


J 


INSTALLATION EASE is one cost-saving feature of new 
Tri-Clad ‘55’ motors 7 '%2-125-hp. Up to 32% lighter and 
50% smaller, these motors offer greater handling ease. 
Easy-access conduit box and perma-numbered leads 
speed motor hook-up to help reduce your product cost. 





TR! CLAD motors can... 


PRODUC ( 


THROUGH 125-HORSEPOWER 


UP TO 32% LIGHTER and 50% smaller, 
new Tri-Clad ‘55’ motors make it possible to 
reduce the size and weight of your products, 
or, with minor design modifications get 
greater capacity out of present machines. 


“SPECIAL” 


MOTORS are built in G.E.’s 
new motor factory almost as fast as standards. 
Orders for “specials,” such as this Tri-Clad 
‘55’ brake motor with plugging switch, are 
normally filled and shipped within a few days. 


IMMEDIATE SHIPMENT of all popular Tri- 
Clad ‘55’ motor ratings through 125-hp is 
provided by G.E.’s modern production facili- 
ties and a nation-wide network of ware 
houses. Fast shipment cuts your inventory costs. 


immediate shipment...all ratings 


Today’s highly competitive market demands that equipment 
manufacturers take every possible step to reduce costs while 
maintaining or increasing product quality. 

To help you accomplish this objective, General Electric has 

extended the proven Tri-Clad ‘55’ motor line (formerly availa- 
ble only through 30-hp) up through 125-hp. 
DESIGNED TO NEW NEMA RATINGS, the complete line of Tri- 
Clad ‘55’ motors packs more power into smaller enclosures to 
improve your product design, reduce shipping costs and benefit 
your overall operation. 

In addition, G.E.’s modern, automated manufacturing plant 
and nation-wide warehousing facilities make it possible to reduce 
your motor inventories. Now, any frame size of any popular 
Tri-Clad ‘55’ motor rating through 125-hp is available for im- 
mediate shipment from nearby warehouse or factory stocks. 
FOR COMPLETE DETAILS on the new, complete Tri-Clad ‘55’ 
motor line contact your nearest G-E Apparatus Sales Office or 
Authorized Distributor. 


Section E891-8 
General Electric Company 
Schenectady 5, New York 


Please send me the following publications: 
}FREE BULLETIN (GEA-6602) describes the many ad- 
vanced features of new Tri-Clad ‘55’ motors through 125-hp. 


JFREE SLIDE RULE (GEN-148) to determine weight and 
space-saving benefits of new Tri-Clad ‘55’ motors. 


NAME 

TITLE 
COMPANY 
ADDRESS-_ 
CITY & STATE 
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Progress /s Our Most /mportant Product 


GENERAL ¢@ ELECTRIC 
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anotner result of A-MP'S CREATIVE APPROACH... 


Fastin-Faston Harness Connectors 


for simultaneous engagement 
of multiple circuits 


in appliance and automotive wiring 


A new highly versatile assembly 
unit that makes one operation 
out of many. Saves time, trouble, 
money. 


Simplifies such operations as the 
connecting of wall switches to 
built-in ranges . . . top with 
bottom circuits in clothes washer 

. . front and back assemblies 
to car electrical systems. 


Uses quick, easy-to-apply Faston 
terminals. Can be used for as 
many as six individual circuits. 


Housing is fabricated of nylon for 
superior mechanical and electrical 
performance. UL approved. 


Write today for 


additional information. 


AMP INCORPORATED 


General Office 
5284 Eisenhower Blvd. 


Harrisburg, Pa. Wholly Owned Subsidiaries: 
Aircraft-Marine Products of Canada Ltd., Toronto, Canada «+ 
Aircraft-Marine Products (G.B.) Ltd., London, England « Societe 
AMP de France, Le Pre St. Gervais, Seine, France * AMP — 
Holland, N. V.’s-Hertogenbosch, Holland «+ 


“TRADEMARK Japanese Distributor: 


Oriental Terminal Products Co., Ltd., Tokyo, Japan. 
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AMP-SPIRAP 


. 


The development and production of the finest quality solderless terminals for your 
electrical circuitry requirements is AMP’s primary objective. We also constantly 

search for allied products and application techniques that will speed, simplify, 
and obsolete present time-consuming sub-assembly operations. AMP-SPIRAP and 

its application technique stems from such constant searching activity. 


AMP-SPIRAP is a unique, spirally-cut plastic wrapping that . . . 

® eliminates tedious cable lacing, insulation damage, and pulling of wires 
through spaghetti tubing 

® is quickly applied to wire bundles of any size up to 3% inches diameter 
® permits individual wires to be entered or led out at any point 


® is quickly unwound to allow wires to be added, removed, or relocated— 
thereby eliminating the necessity for cutting intothe cable bundle after assembly 


® holds wires together tightly, but permits flexibility for forming cable 


® provides mechanical protection over entire length of cable 


Wher required for your maintenance and repair needs, 


° 
AMP-SPIRAP is available in the U.S.A. through American api 
Pamcor Inc. AMERKAN IE PAMICOR BK. 


Additional information about AMP-SPIRAP and its application versatility 
is available on request. SEND FOR YOUR FREE SAMPLE TODAY. 


AMP INCORPORATED 


GENERAL OFFICES: 


5284 Eisenhower Boulevard, Harrisburg, Pa. 
Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (Great Britain) Ltd., London, England + Societe AMP de France, 
Le Pre St. Gervais, Seine, France * AMP—Holland N.V. 's-Hertogenbosch, Holland 


Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 


rv ed 
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what we mean by 


“PRECISION COMPONENTS” 


NEW MINIATURE MOTOR-GEARHEAD-CLUTCH BU-ORD SIZE 10 


First, consider the size. A high performance motor, 
gearhead and clutch all included in a common housing 
with a maximum length of 178”. 


The clutch ... which may be omitted if desired... is 
available with slip settings to meet your specific require- 
ments. The use of the slip clutch as a control element 
is especially important when confronted with the high 
stall torques resulting from the use of high gear ratios. 


The gearhead efficiency is 90% minimum... back- 
lash at the output shaft is 30 minutes maximum. 


There are other optional features: While the 
standard control phase voltage is 26 V, voltages up to 
115 V and special winding impedances can be pro- 
vided. High internal damping can also be built into this 
motor without changing its size. 


These features add up to a highly efficient, de- 
pendable component...and substantial savings are 
realized in both size and weight as a result of the 
single housing design. 


Find out more about this precision rotating com- 
ponent. Write for full details. 


te ae eee it 


MECHATROL DIVISION 
625 Main Street » Westbury, L.1., N.Y. 
WESTERN OFFICE 
1000 WEST EL SEGUNDO BOULEVARD, HAWTHORNE, CALIFORNIA 
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FRACTIONAL Woy. 


\ Yat 


Coe Le 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


* BEVELS © INTERNALS 


WORLD S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


OCTOBER 1957 


314400 de 
FROM A PRODUCTION RUN OF THOUSANDS! 


Rejects are rare in a run of G.S. Gears. 
When errors do occur, our skilled inspectors 
catch them. Because of slight imperfections, 
the five Gears you see above were the 
only ones rejected before shipping a pro- 
duction run of thousands! 


The Gear at center of shaft has 94 teeth, 
60 N.D.P., 20° P.A., held to precision toler- 
ance after Heat Treating. Heat Treating 
WITHOUT WARPING of frail sections is a 
highly developed specialty here at G.S. 


The Worm at one end is single thread, 
60 N.D.P., 20° P.A. A special relieved form 
on the thread profile eliminates tip inter- 
ference. 


The Spline at the opposite end is 48 N.D.P., 
144%2° P.A. and has 12 teeth. It is held to 
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maximum cumulative pitch error of .0015”, 
a maximum involute error of .0005" and a 
maximum lead error of .0002”. The bearing 
diameters are ground to .0003” tolerance. 


If Small Gearing of extreme uniform ac- 
curacy in production runs of hundreds or 
thousands is a consideration in YOUR busi- 
ness, by all means phone or write us NOW. 


SEND FOR. 


G. S. technical data, free! See where 
and how we mass-manufacture Small 
Gearing to uniformly fine tolerances. 
Folder contains 23 pictures of Small 
Gears, plant view, as well as Diametral 
and Circular Pitch Tables. Ask for your 
copy on company stationery, please! 
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if it still works:--: 


Here’s proof 0 
“Greenohm” Power Resistor. Take a 


Resistor. Connect it across 
light a cigarette. Disconnect and plunge in water. 
as good as new—no blisters, no cracks. You can count on 


Cement- Coated Power Resistors for every application. 
in 5- to 200-watt sizes and ratings, 


meeting any quantity ° requirements. 
Also stock ked Clarostat distributors 


for your convenience. 


¢ the BUILT-IN dependability of every Clarostat 
200-ohm 10-watt * ‘Greenohm” 


esistor will become hot enough to 
Resistor will remain 
“Greenohm” 


*Reg. U.S. Pat. Off. 


CONTROLS AN “ 
D 
CLAROSTAT MFG. on dan. RE s i s TOR s 


In Canad 
a: Ca © Do eel tieie a 
nadieon Marconi OVER, NEW HAMPSHIRE, U.S.A. - 
, Toronto 1 
7, Ont, 
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FREE! Write for this 24-page 
booklet. It explains when to 
specify Customized motors, 
shows examples of design var- 
iations, illustrates case histo- 
ries of Customized motors for 
actual products. Write Jack 
& Heintz, Inc., 17620 Broad- 
way, Cleveland 1, Ohio. 


Call Jack & Heintz—America’s leading specialist in Customized 
motors, '¢ to 5 hp ('4 to 15 hp in submersible motors). We'll gladly 
devote as much time as it takes to design special ambient temperature 
ratings into the motor you need . . . to give you a motor that 
electrically, mechanically and physically fits your product perfectly. 
Customizing electric motors to meet the specific requirements of original 
equipment manufacturers is our business. Because we're organized 

that way, costs are reasonable to customize a cool motor, give it a high 
torque rating, stretch it tall, squat it flat or squeeze it thin. Make it 
quiet. Or submersible. Or flush. Or give it a special finish. You name it! 
So go ahead freely! Design your product to do its job. We'll fit a 

a motor to it that will make your product perform the way you want 

it to... look as good as it should . . . last as long as you 

say it will . . . and sell faster because of it. 


Back & JHE BaNdZ cusromzeo ecectric MOTORS 


OCTOBER 1957 


Circle 121 on page 17 





Give those fine appliances a break! 


Invest in the very BEST... the BLUE CHIP Cord Sets 
that give better service, LONGER. 


: 4 Designed, engineered and produced 


to YOUR specifications... 


a ae backed by the Know-how of an 
WaT GZ} 
— KUL): experienced staff. 


CONSULTATION WITHOUT OBLIGATION 


All Cord Sets 
available in 


COLOR 


to match 
your appliances, 


=e | i CORD SETS 


‘Made by Engineers for Engineers’’ 


prea . CORNISH WIRE CO., unc. 


— sae J 50 Church Street New York 7, N.Y. 


Progrom 


—CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY 


wl 4 


td 


aS ae 
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Noliding, Extruding, 


Already used 

extensively in a host 

of end-use products, 

Cycolac now provides an 

easy solution to many product cost 
and quality problems. With added 
scientific refinements, Cycolac offers 
five types, each designed to 

serve specific requirements. 


Write for Latest 
Technical Data Today! 


PACESETTER IN 


Calendering 


Y COLAC. 


HIGH IMPACT THERMOPLASTIC RESIN 


NOW! 5 TYPES FOR MORE SPECIFIC 
END-USE APPLICATIONS 


TYPE R Especially suited to parts requiring 


maximum hardness, rigidity, tensile strength, 
resistance to heat-distortion. 


TYPE I Excellent for use in items where greatest 


toughness at high hardness and tensile-strength levels is essential. 


TYPE i i Extraordinary high impact-strength 


over a wide range of temperatures. Fine for high-impact 
extruded sheet and injection-molded items. 


TYPE 7 Extensive applications in extruded pipe and tubing 
... intricate profile extrusions . . . calendered sheet. 
Low brittle point. 


TYPE . i Exceptional low temperature properties; 


non-brittle even in sub-zero temperatures. Applications include 
miscellaneous extrusions, calendered sheet. 


Division of BORG WARNER « 


also represented by: 


M re | rbon Gary, Indiana 
CHEMICAL 


SYNTHETIC RESINS 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., New York 
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Torrington technology, tools and testing facilities are the 
finest in the world for tailoring air impellers specifically - and 
precisely - to your new product requirements. 

These three T’s of Torrington are the tangible assets of an un- 
matched experience in equipping the successful products of 
every major manufacturer in the air moving industry. 

And the three T’s of Torrington are yours for the solution of 
any problem relating to the moving of air. 


Talk to Torrington! 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA + OAKVILLE, ONTARIO 
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You Can Boost Equipment Operating 


Temperatures Up to 150°C with 
Westinghouse Insulating Varnish B-185! 


Here’s the answer to many an insulating problem—new 
Westinghouse insulating varnish ““B-185” permits you to 
boost equipment operating temperatures up to 150° inter- 
mittently, 140° continuously! 











**B-185” is a clear, thermosetting, all-purpose dipping 
varnish developed specifically for treating rotors, sta- 
tors, control coils and similar electrical windings. It has 
good flexibility to meet the requirements of all such 
applications. 




















Sound good? It is good! Because ‘“‘B-185” is another Leader- 
ship Line product developed by Westinghouse research, 
field-tested in millions of applications to give you the finest 
insulation products money can buy. Virtually all Leader- Temperature 
ship Line materials far exceed rather than merely *““meet”’ Curve illustrates heat life comparison of B-185 with 
. X - conventional Class ‘“*B”’ and Silicone varnish, using Var 
their particular class standards of performance. nished Glass Cloth Test Method. Samples of varnished 
‘ glass cloth are aged at various temperatures until break- 
Why not check the facts on **B-185 , as well as other down occurs at one-half the original dielectric strength. 
Westinghouse Leadership Line insulating varnishes, enamels 
and varnished insulations? Send today for your free copy Westinghouse Electric Corporation EM-10-57 
; : ‘ ae , . — Benolite Division, Manor, Pa. 
of the Leadership Line Catalog giving you complete technical 


Please send me your Leadership Line Catalog 


. . on Westinghouse flexible insulation, tapes, 
and application data. 3-00658 resins and varnishes 














Name 
you CAN BE SURE... iF ITS Title 


Address 


Westinghouse C): ee 
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Now—the first 155°C (Class F) 
magnet wire designed 


Another Anaconda first! Anatherm—a new 
polyester film-coated magnet wire—fully tested 
for use at “hottest-spot’’ temperatures up to 
155°C. With this new higher level of thermal 
stability, Anaconda Anatherm is the first film- 
coated wire to meet the newly adopted AIEE 
155°C (Class F) rating! 

Greater thermal stability—plus excellent 


abrasion-resistance characteristics, chemical 
stability and dielectric strength—makes Ana- 
therm ideally suited for manufacturers seeking 
maximum performance and reliability from 
smaller and smaller equipment operating at 
higher and higher temperatures. 

As a polyester magnet wire, Anatherm can 
be used equally successfully at any hottest-spot 





polyester film-coated 
to meet new AIEE requirements 


temperature over the range of 105°C to 155°C. Free Technical Bulletin on Anatherm 


3 ; : ‘ . Magnet Wire is available. Simply write: 
Available in single and heavy film thickness naconda Wire & Cable Company, 


in AWG sizes from 15 through 25. \ 5 Broadway, New York 4, N. Y. 


ASK THE MAN FROM ANACONDA 


ABOUT ANATHERM MAGNET WIRE 
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For VOLTAGE CONTROL | s< 


in Aircraft, 
Missiles, Land Vehicles, 
and Other Equipment 


10 WATT 


SILICON DIFFUSED JUNCTION 


AN Mls 


VOLTAGE REGULATORS 


HZPR Series 


* Extremely low dynamic resistance in zener region pro- 


MareL Miele] CM OLOR Tle Bet lel SIR eee Rael eT 
ale lale t-te 


* Broad choice of low voltage values makes them espe- 
cially suitable for transistorized circuitry. 


* Excellent long-time stability. 


Characteristics: Available with tolerances of 10% and 


5% at zener voltages between 10 volts 
and 100 volts; maximum dissipation 10 watts for 25°C case 
temperature; typical dynamic resistance — 1 ohm for 
with 20 zener volts at 500mA. 


Tati 


Please write for our Technical Information Bulletin which gives 
limits of Zener Impedance for all voltage ranges as well as 
information on temperature coefficient of voltage 


an Semiconductor Division ...... 


Semiconductor 


HOFFMAN ELECTRONICS CORPORATION 


Products 


930 Pitner Avenue, Evanston, Illinois 


MANUFACTURERS OF silicon junction diodes 


zener reference elements medium and high power rectifiers Tiila-lsmetl-lae ie 
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ALL-ANGLE OPERATION 


is only one General Electric Form G 
Motor design feature to help you cut costs 
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PERFECTED PUMPS 
Miami, Fla. 


UNMATCHED RELIABILITY 


“Our precision-built water pumps for swimming pools and 
sprinkler systems require motors with the highest depend- 
ability. G-E fhp motors provide a reliability unmatched by 


others. General Electric also gives us good back-up service 
with its network of Small Motor Service Stations.” 


JENN-AIR PRODUCTS COMPANY, INC. 


Indianapolis, Ind. 


COMPLETE 


“Contractors and architects specify many kinds of power, 
weather, and safety requirements when our roof and wall 
exhaust ventilators are installed. We find that the General 
Electric Company has the broad motor line to meet these 
various requirements.” 


VEMCO PRODUCTS, INC. 
Detroit, Mich. 


MINIMUM MAINTENANCE 


“VEMCO overhead door operators are used on applica- 
tions ranging from residential garages to commercial car 
washers and industrial applications, and they’re subjected 
to severe extremes of both temperature and humidity. 
Even under these conditions, the Form G motor requires 
no maintenance. It is a very reliable motor.” 


WYZENBEEK & STAFF, INC. 


LO lidelel Melis 


EXTREMELY RUGGED 


“WYCO Vari-Speed flexible shaft machines take a real 
beating on the job — we must have a motor that will last. 
G-E Form G motors withstand exceptionally rough treat- 
ment. We also like the helpful information and general 
assistance that’s always available from G.E.” 





= design features make G-E fhp motors 


EASIER 
10 
ASSEMBLE 


ROOMY TERMINAL BOX per- PERMANENTLY COLOR-CODED NEOPRENE LEADS CONDUIT CONNECTIONS are 
mits easy access without sac- mean easy hook-up, happy customers. Assembly no problem—welded in speed 
rificing modern appearance. is speeded, and maintenance is always easier. nut simplifies assembly. 
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--General Electric fhp motors ca 


F. E. MYERS & BRO. CO. 4 1 RECOLD CORPORATION 
Ashland, Ohio ook | Los Angeles, Cal. 
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LONG LIFE EASY INSTALLATION 


“Our refrigerator ventilators are used in large meat sto 
units, walk-in coolers, and similar equipment, and we 
General Electric fhp motors to power the fan. We’ve fc 
these General Electric Form G motors are easy to ha 
quick to install. Moreover, they give our customers the 
QUIET OPERATION pendable long life which they require on these installatic 


“Customers who buy our pumps expect dependable per- 
formance, and the G-E Form G motor helps us achieve that. 
We particularly like the quiet operation of G-E motors. 
And the Form G motor insulation system of Mylar* poly- 
ester film and Formex? wire provides the best protection 


against moisture we know of.” HOLLAND FURNACE CO. 
Holland, Mich. 


BARNES MANUFACTURING CO. 
Mansfield, Ohio 


1 aed i 


ALL-ANGLE MOUNTING LIGHT WEIGHT 


“When we developed our new S-17E sump pump, we chose the Form G “When we designed our new oil burner to 
to power it. We saved on initial cost because the General Electric motor full advantage of G. E.’s light-weight mot 
offers a new sleeve-bearing design which operates in any position. We reduced weight 50% in the finished product 
required light weight, moisture-proof qualities, and reliable operation. enabled us to go from a wire bound box toa 
Ninety-day tests showed that G-E motors met each specification.” board carton for additional shipping saving 
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ive you these same benefits! 


MAGNA POWER TOOL CORP. 


Menlo Park, California 


MORE HP PER POUND 


“General Electric’s fhp motor provides our redesigned 
Shopsmith Mark V with 50% more hp, yet it’s 5 pounds 
lighter and 34 inches smaller in diameter than our former 
motor. On top of that, its easy-assembly features have 
helped us increase our Shopsmith production by 30% — 
without increasing our labor force.” 


Significant cost savings — greater production — 
product improvement — extra-services — these are 
the reasons why the ten manufacturers shown 
here have joined thousands of others in choosing 
General Electric Form G motors. 

You can realize the same benefits by taking ad- 
vantage of the many advanced-design features 
proved by the millions of motors already in use. 


LONGER MOTOR LIFE means maximum customer 
satisfaction. In addition to its superior lubrica- 
tion, the Form G motor is insulated with Mylar* 
polyester film—which has 35 times the moisture 
resistance and 8 times the dielectric strength of 
ordinary paper insulation. 


SIMPLIFIED MAINTENANCE results from General 
Electric’s positive lubrication system. An extra- 
large oil capacity plus a new and highly efficient 
oil retention system combine to give Form G 


DELTA FAN COMPANY 


Jackson, Miss. 
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LOCAL SERVIC 


rm 


“Delta ‘Sea Breeze’ attic fans are sold nationally, 
and for this reason we require good local service 
-the best system we know of is the G-E Small 
Motor Service Station network. Local engineer- 
ing service from G-E has also been invaluable in 
selecting the best motor for the job.” 


G-E FORM G MOTORS WILL GIVE YOU MORE FOR YOUR MOTOR DOLLAR, TOO! 


motors double lubrication life. Oiling is elimi- 
nated completely on some applications. 


SMALLER SIZE is another cost-saving feature. G-E 
Form G motors are up to 40% smaller and 50% 
lighter than previous motor designs — which 
means easier handling, lower shipping costs. 


COMPLETE LINE of these advanced-design motors 
simplifies selection. There’s a General Electric 
Form G motor for practically any fhp motor 
application you have. 


FAST DELIVERY, keyed to your own production 
requirements, provides you with the motors you 
want — when you want them! Your nearby G-E 
Apparatus Sales Office will be glad to help you 
select the proper motor for your products. Con- 
tact them for details. Also, write for your copy 
of Bulletin GEA-6424 to Section 702-60, 
General Electric Company, Schenectady 5, N. Y. 


*Reg. Trade-mark of Du Pont Co. 
+Reg. Trade-mark of General Electric Co 


Progress /s Our Most /mportant Product 
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Cut costs on tough forming jobs with 








Elephant Brand fine grain phosphor bronze 


Automatic metal-forming machines operate best 
when they are fed materials of uniform, dependable 
quality. To shape critical details like those shown 
on these switch parts, many manufacturers rely on 
Seymour ELEPHANT BRAND phosphor bronze. 


Its fine grain permits making sharp bends, severe 


draws and other complex forming operations with 





Your Seymour Representative is trained to help you 
solve metals problems. Why not call him today ? 


a minimum of rejections or tooling adjustments. 
Seymour ELEPHANT BRAND combines in one 
fine grain phosphor bronze alloy; high ductility, 
great strength, uniform temper, long fatigue life, 
and fine finish. These qualities prompt discerning 
users to say: — “Specify Seymour ELEPHANT 
BRAND .... there’s no finer phosphor bronze!” 


The first phosphor bronze produced in the U.S. was 
ELEPHANT BRAND. Made by a carefully guarded 
process which insures the highest degree of purity and 
uniformity, it has a grain structure of very fine, uniform 
crystals free from segregation, coring or residual den- 
dritic structure. Thus, ELEPHANT BRAND is a quality 
standard as well as a trade-mark for the original and 
finest phosphor bronze. 


THE SEYMOUR MANUFACTURING COMPANY 





8 FRANKLIN ST., SEYMOUR, CONNECTICUT 
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At Boeing, 
a“, Seattle, Washington 













MIL-W-5086 low tension 
airframe wire is used in low 
voltage circuits throughout 
the B-52 Intercontinental 
Jet Bomber. 


Pane 







At Douglas, 
El Segundo, California 
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MIL-W-5274A hook-up wire 
is used in the electrical, 

radio and radar components 
of the A4D Skyhawk 

and F4D Skyray. 





MILITARY 






At Western Electric, 
Burlington, N. Carolina L E © W | R |= 
MIL-W-76A is used 


tensively he Nike Aj 
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At Raytheon, 92) 
Waltham, Massachusetts ae | leading manufacturers 
, <* _ @hoose Brand quality, 
MIL-W-16878B high- S ' 
temperature hook-up wire S ; Brand service 
is used in classified \) > ; 
airborne navigation and © Turbo-Brand wires are manufactured 


bombing radars. j : under a program of scientific 

., quality control to exceed the rigid 
requirements of these and other 
manufacturers the world over. 





At Chance-Vought, 
Dallas, Texas 





MIL-C-7078A shielded air Available as single Foor ae 
frame wire is used near radio custom-designed multi-conductor 
and radar apparatus to assure cables, Turbo-Brand cable may be 
distortion-free operation specified to incorporate any number 

; - of electronic equipment . . 

ete of conductors, any combination of 
iiciags on the F7U-3 fighters. T — x 
ber PRS wire types, and any predetermined 
lay-up pattern. 


/£t Burgess Battery, 


Freeport, Illinois Your inquiry is invited. 


WILLIAM BRAND 
& COMPANY, INC. 


WILLIMANTIC |, a CONNECTICUT 


JAN C-76 general purpose 
hook-up wire is usedto | | 
interconnect cells of dry 
batteries for portable 
military equipment. | 
o Electrical and Electronic Wires and 
— Cables + Harnesses and Cable Assem- 
At North American blies + Plastic and Coated Insulating 


Aviation, L. A., Calif. Tubings + Identification Markers 





MIL-C-17B coaxial cable is 
used in high frequency 
radio and radar circuits on 
the F100 Super Sabre 
fighters. 
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DASHBOARD LIGHT LENS 


MOLDED FURNITURE DRAWER 


WASHING MACHINE 
AGITATOR 


FILTER PLATE 


DISH WASHER 
IMPELLER 


Sy, mm TIMING GEAR 
— 


SEARCHLIGHT 
ENS 


DISTRIBUTOR 
CAP 


Any Material - Any Shape 

Any Color - Any Size 

Planning before production can save you time and 

money. Richardson offers a complete service in re- 

search, development and design. Multi-plant opera- 

tions offer ample facilities for injection, transfer and 

compression molding. Write today for the molding P L A S T l C S 

catalog or phone Chicago MAnsfield 6-8900. LAMINATED AND MOLDED 


THE RICHARDSON COMPANY « DEPT. 22 « 2799 LAKE ST. » MELROSE PARK, ILL. - SALES OFFICES IN PRINCIPAL CITIES 
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Lightweight, portable tracing unit is only 12 inches thin 


Now you can trace right at the drawing 
board, and save precious minutes with 
PORTA-TRACE®—the thin, lightweight 
tracing box that comes to you. 

Simply pick it up .. . place it on your 
board .. . flick a switch and you’re ready 
—in seconds! 

Only 1% inches deep, PORTA-TRACE 
can actually be used under the straight edge 






A Division of General Aniline & Film Corporation 
In Canada: Hughes Owens Company, Ltd., Montreal 
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of your drafting table! Its flush top permits 
use with drawings larger than unit itself. 
Strong Plexiglas top is enclosed by rugged, 
long-life stainless steel frame. Available in 
four sizes up to 24” x 36”. 


Save drafting time and precious space 
with PORTA-TRACE. Call your local 
Ozalid representative or write Ozalid, 
Dept. DD-10, Johnson City, N. Y 





AT PHELPS DODGE, MAGNET WIRE “SERVICE” 
MEANS FAR MORE THAN JUST DELIVERY! 


FIRST FOR LASTING QUALITY—FROM MINE TO MARKET 


ELECTRICAL MANUFACTURING 





A complete line of uniformly high-quality products— backed by the finest 
research and manufacturing facilities. 


Modern, up-to-date packaging designed specifically for easy handling and 
convenient use. 


Prompt customer service on deliveries and all inquiries. 


Application of vast engineering experience in helping select correct wire and 
insulation to meet requirements. 


Dependable warehouse system in close proximity to major markets. 


be ar 
RG Bae 


=T°S ELECTRICAL MANUFA 
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> COPPER wire 
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‘DODGE COPPER PRODUCTS 


st «FORT WAYNE, INDIANA 
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OIL-IMMERSED 
, SOLENOIDS 


INSTALL THEM AND FORGET 
RS Le 
laa ta@ yh 
AFTER MILLIONS 

OF STROKES. 


7 OD ig SEALED IN OIL. Each unit is sealed in its own, contamination 


proof, oil filled, die-cast housing. A convenient, plug-in base allows 
split-second replacement in case of change in power requirements. Heat 
dissipation and wear control reach a new level of efficiency in these units. 


SHOCK MOUNTED. Only DECCO can give you service-proved, 


two direction shock-mounting—a valuable bonus in the service-life of 
your solenoids. 


BETTER ENGINEERING. Minimum power loss. 30° to 50° 


cooler operation. Tremendously greater service-life. 


DECCO Solenoids are made in a complete range of types, sizes and 
mountings. AC or DC. SPECIAL SOLENOIDS will be engineered on request. 


HP ETROIT | OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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AT PENN VENTILATOR COMPANY 


DIEHL motors increase product dependability 


Operating dependability is an inherent feature of the 
power-roof ventilators made by Penn Ventilator Com- 
pany, Philadelphia, Pa. Usually, these ventilating 
units are installed in locations completely exposed 
to the elements and relatively inaccessible for regu- 
lar servicing. Failure in operation, however, could 
halt an important manufacturing operation or even 
cause complete plant shut-down. Hence, every detail 
in the design and construction of Penn Ventilators is 
considered with a view to the assurance of uninter- 
rupted operation for long periods of time with a mini- 
mum of maintenance. 


This is one of the reasons why Penn Ventilator Com- 
pany has consistently selected DIEHL motors for its 
equipment. James T. Ellington, Penn Director of Pur- 
chases says: “We can’t gamble with an inferior unit— 
a reliable motor is a necessity! DIEHL motors are 
trouble-free and well suited to all our requirements.” 


Here is another example of how DIEHL has co- 
operated with a progressive manufacturer to build a 
product of highest quality and proved reliability. With 
almost three quarters of a century of experience in 
the design and manufacture of motors, DIEHL is well 
equipped to help you solve your motor problems. 
We'll work closely with you to provide the right motor 
—at the right time—at the right price. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of 
THE SINGER MANUFACTURING COMPANY 


Finderne Plant, SOMERVILLE, N. J. 


} Please send me Consolidated Motor Catalog and Price List 
No. EM-ic 3540 


] Please have a DIEHL representative call 


NAME 
COMRANY 
STREET _ 


cdot a ei i ds sa anc cae a eas enw cea a al Sint Gad , 


Baltimore * Chamblee, Ga. * Charlotte * Chicago * Cincinnati * Los Angeles * Milwaukee * Needham, Mass. * New York * Philadelphia * Syracuse 
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EXPANDED LINE OF POWER TRANSISTORS 
FOR AUDIO OUTPUT, POWER SUPPLY 
AND SWITCHING APPLICATIONS 


Clevite Power Transistors, available in production quantities 
offer: 


e HIGH POWER RATINGS 
e HIGH POWER GAIN 


e LOW THERMAL RESISTANCE 
® LOW DISTORTION 


e RUGGED WELDED PACKAGE 
@e HERMETIC SEAL 

Check the outline specifications for the type of performance 
you get from Clevite Power Transistors. 


For on-the-job help with specific application problems, our 
engineers are available for consultation. 

Data sheets B-211, B-214 and B-216 provide all the facts on 
Clevite Power Transistors. Write for your copies. 


om CLEVITE 


241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 
Zo. - es \ 
ee ’ . = =f - 


a 


‘i 
A Division of Clevite Corporation 
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Type 


Instantaneous 
Collector-to-base 
Voltage (absolute 
Maximum) 


Junction 
Temperature 
(absolute Max.) 


Average Total 
Power Dissipation 
(with inf. heat 
sink @ 25°C) 


Average Total 
Power Dissipation 
(with 36 sq. in. 
heat sink 

@ 25°C) 


Typical Power Gain 
Frequency Cutoff 


a Large — D.C. Current Gain 


b Vcc 
c Vec 
@ Vcc 


Brush 


German Semiconductor Plant: Intermetall G.m.b.H.-Dusseldorf. 


14V; Ic — 420ma; R, = 30:: (choke coupled); R, 
TV; Ic — 420ma; R, = 151: (choke coupled); R 


)) 


Cleveland Graphite Clevite Harris Cjevite Ltd 
Bronze Co. 5 


LL 
yw 
yi 


MILITARY 
TYPE 
SIGNAL CORPS 


Spec. 
miL-T-12679A/32 


2N297 


(Sig. C.) 


Outline Specifications 
Military CTP CTP CTP 
2N297 1117 2N257 2N268 1109 1111 Units 


60 40 — 40 80 — 20 — 80 Volts 


85 85 85 85 85 85 


3 0 BB 25 25 25 Watts 


18 «615 15 15 15 Watts 


33 
6 


33¢ 


31¢ 304 
7 


6 6 
12 to 40 at Ic = 2.0 amps 
17:2 (choke coupled); R, — 10:: 


10: 
101: 


26¢ db 
5 4 Kec/s 


V; lc 750ma; R, 


= 


Clevite 
Products Inc. 


Research Center 
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More Weight 


in Less Space 
with Mallory 
1000 Metal 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 


110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices « 


Vibrators 


HATEVER the nature of your assembly—gyro- 
W\ scope rotors, counterbalances, balancing 
weights, or similar mass components—you can get 
more weight into less space with Mallory 
1000 Metal. 


Mallory 1000 has a density of 16.96 gm/ec—twice 
that of brass or steel, and is far stronger than lead! 
It features ready machineability—even to a high 
surface finish. 


More weight in less space means real savings in 
several ways. For example, housings can be made 
smaller—thus overall assemblies become smaller 
for a savings in cost and weight. Mallory 1000 
Metal provides exceptionally high inertia in a 
smaller space, increasing the sensitivity of gyro- 
scopic or balancing action, yet reducing the overall 
unit size. 


Complete information on Mallory 1000 Metal 
specifications and applications may be had on re- 
quest. Write today. 


Expect more... cena more from 


MAiioRrY | 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals © Welding 


Materials 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sheron Titanium Corp., Niles, Ohio 
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What's light as a... 


strong as a... 


The 48-frame motor 
by Westinghouse! 





What do you look for in an FHP Motor? 


Whether you are a manufacturer, designer, buyer or engineer, there 
are certain features you look for when you buy fhp motors. You’ 


want a motor that is light. .. powerful... compact... quiet ... and 
long lasting. 

These are just a few of the features you get in 48-frame motors by 
Westinghouse! Feature by feature, there are no finer motors on the market! 
Don’t take our word for it ...compare. Here are the facts... 


Fact 1: The Westinghouse 
48-frame is up to50Z lighter 
than motors of comparable 
power! For you this means 
lighter equipment, reduced 
shipping costs. 

Fact 2: The Westinghouse 
48-frame gives you true all- 
position mounting. Positive 
oil return system provides 
excellent lubrication in any 
position. 

Fact 3: The Westinghouse 
48-frame gives you spade 
mounting (plug-in), stand- 
ard terminal stud connec- 
tions, and shur-plug for 
changing rotation. 

Fact 4: The Westinghouse 
48-frame threaded conduit 
hole assures faster assembly 
on your production lines, 
fewer connector parts and 
positive connections. 

Fact 5: The Westinghouse 
48-frame is Westinghouse! 
This distinctive tag is your 
guarantee of quality, per- 
formance, and long life. 


Versatile 


Easy to mount ...threaded conduit hole! Want More Facts? Call your nearest Westinghouse sales engineer, or 


get your copy of the 48-frame booklet giving all the features in 
detail. Just fill out and mail this coupon... J-03034 


alibi sed a WESTINGHOUSE ELECTRIC CORPORATION 


Small Motor Division, P. O. Box 566 
WESTINGHOUSE you CAN BE SURE...1F iTS Lima, Ohio 


a “ Send me your 48-frame booklet. 
om Westinghouse ae 


cx Title 
wp Company 
Address 


Dependable BAR use it’s Small Motor Division, Lima, Ohio. . 
Westinghouse! os 
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Specify & COILED CORDS 


...add important convenience 
and safety features to 
your equipment! 


Cords Limited COILED CORDS are 
engineered for specific application! 


Coiled Cords, first choice in the communications industry, find numerous 
important applications in other fields! In addition to user convenience, 
Cords Ltd. Coiled Cords provide a safety factor preventing costly industrial 
accidents. Maintenance-wise, Coiled Cords give much longer service than 


straight cords by eliminating common abuses that shorten serviceability. 


Product Data: A leader in the development of Coiled Cords, Cords 
Limited is a major supplier of this product to the telephone and communica- 
tion industries. Coiled Cords are engineered for specific applications. Special 
oil, acid and moisture resistant properties of the jackets protect the product 
under unusual conditions. The most modern molding facilities for plug and 
conductor termination are available at Cords Limited to serve your needs 


quickly and economically! 


WRITE TODAY for complete details... your quotation 


requests will receive immediate attention! 


® 


CORDS LIMITED DIVISION 


ESSEX WIRE CORPORATION 
DeKalb, Illinois 
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other outstanding 


“ESSEX ENGINEERED 
production proven products 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 


WIRE AND CABLE 


A full “Extra Test®” line of lead, appliance, 

automotive and refrigeration wires, plus sub- 

mersible pump cable and 200° C. Sil-x® 

insulations are examples of the versatility of 
“Essex Engineering”. 

Wire and Cable Division 

Fort Wayne, Indiana 


The CORDINATOR", a time-saving engi- 
neering tool, features simplified charts show- 
ing approved wire by product types. Dial 
side permits visual fabrication of cord sets 
and power supply cords. All components 
standard approved... minimizing cost... 
assuring scheduled delivery. Write for your 
free CORDINATOR. 
Cords Limited Division 
DeKalb, Illinois 


WIRE CORPORATION 
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over 40,000 


meters in stock! 


Do you need panel meters in a hurry? You can get 
Simpson panel instruments from your local electronics 
parts distributor .. . right off the shelf! And to be sure 
that you get the model and quantity you want, Simpson 
backs up your local distributor with a huge stock at its 
own Chicago plant. This teamwork puts 50,000 meters, 
in 800 sizes and types, at your finger tips. There’s no 
delay either. Your distributor’s orders are shipped from 
Simpson’s warehouse within 24 hours. 

But service isn’t the whole story. Simpson meters are 
quality instruments—backed by a 50-year reputation 
for accuracy and ruggedness. 

YOUR Your Simpson distributor is one of 1500 located 


DISTRIBUTOR GETS throughout the United States, Canada, and abroad. 
24-HOUR SERVICE Check with him on all of your stock meter requirements. 
FROM THIS SIMPSON ELECTRIC COMPANY 


HUGE SIMPSON STOCK 5200 W. Kinzie St., Chicago 44, Illinois 


Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


INSTRUMENTS THAT STAY ACCURATE! 
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New, revolutionary Wedge Action 
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Relay announced by ELECTRO TEC! 


Now In Production! 


NEW MARK IT RELAY 

AIDS ULTRA-RELIABILITY 

under most extreme environmental 
and operating conditions. 

(See specifications, left) 

NOVEL WEDGE ACTION SWITCHING 
provides positive contact 

in both energized and 

de-energized conditions. 


Contact pressure constantly increases 
during over-travel. 


Wedge Action now supersedes 


“Wiping Action”. 
@ Removes contaminants from contact surfaces. 
@ Reduces resistance to micro-level currents. 


@ Renders relay extremely resistant to 
shock and vibration. 


BRIEF DESCRIPTION: Six pole. Double-throw 

Miniature unit. Hermetically sealed. Meets and ex- 

ceeds specifications MIL-R-5757C and MIL-R-25018. 
Designers of critical modern electronic equipment, where 
ultra-reliability is vital, are invited to write—or wire col- 
lect—for further details on this entirely new and original 
high-performance relay concept. 
Mark II Relay performance is based on an outstanding 
combination of extremely careful selection of precious 
metals and other component materials; novel—and ex- 
haustively proven—structural design; unique precision 
production processes, exclusive to Electro Tec. 

Mark IT Relay Folder, or 

Engineering Departmental Services, available on request. 


ELECTRO TEC CORP. 


South Hackensack, N. J. 


Products of Precision Craftsmanship 
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SLEEVE BEARINGS 
in 7th year of continuous 
operation on outdoor 
gravel conveyor... 


OILITE self-lubricating bronze sleeve bearing 


Another cost-saving application of Amplex Powder Metallurgy 


No seals protect these OILITE bearings from sand, 
gravel, grit. On the two center rollers, no additional 
lubrication is possible. Yet this OILITE-equipped 
outdoor conveyor has been in continuous operation 
under extreme weather conditions for seven years— 
without replacing one OILITE bearing. 

That's some record! J. Cooke (Concrete Blocks) Ltd., 
of Aldershot, Ontario, one of Canada’s largest pro- 
ducers of concrete blocks, operating twenty of these 
sand and gravel conveyors, has proved the long 
wearing, money saving qualities of OILITE bearings. 


“i cHRYSLE® 


No wonder all twenty conveyors are 100% OILITE 
equipped. The company says, “‘We wouldn’t use 
any other kind.”’ 

What interests you? Longer product life—greater 
efficiency—lower cost? All three? Maybe Amplex 
has the answer. 

Write for detailed information about Amplex 
powder metal components—OILITE Bearings, 
Parts, Filters. Or call your nearest engineering 
representative listed in the yellow pages under 
“‘Bearings—OILITE.” 


Only Chrysler Makes Oilite* 


AMPLEX DIVISION 


PRooUCcT 


*OILITE is a 
registered trademark 


CHRYSLER CORPORATION « DETROIT 31, MICHIGAN 
Representatives and dealers located throughout the world 


BEARINGS + FINISHED MACHINED PARTS + PERMANENT METAL FILTERS + FRICTION UNITS + FERROUS AND NON-FERROUS METALS 
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/ NEWS OF MATERIALS THAT ARE 


IMPROVING TODAY'S PRODUCTS 


/ 1957, National Vulcanized Fibre Co. 


PUBLISHED BY NATIONAL VULCANIZED FIBRE CO., MANUFACTURERS OF: 


VULCANIZED FIBRE 


PHENOLITE® LAMINATED PLASTIC 


NATIONAL NYLON 


“CALL US ANY MONDAY MORNING!” 


National’s New PHENOLITE’ Stock Program 
Seen Ending Customer’s Procurement Problems 


“The practical answer to many current 
problems of laminated plastic procure- 
ment is better communications!’’ With 
this declaration, Mr. Roy S. Fisher, 
Sales Vice President, ushered in Na- 


OCTOBER 1957 


tional’s new service of ‘‘PHENOLITE-IN- 
STOCK”’ reports to customers. 

“One of the toughest problems to 
keep solved,” says Fisher, “is that of 
giving the customer a quick, direct 


answer to his inquiry on stock for 
immediate shipment. It’s often an emer- 
gency situation with him. But usually 
he has to spend too much time ‘shop- 
ping around’ just to get an answer. 
““We’ve always carried certain stocks 
Today they’re more complete. But 
more important, we now have a report- 
ing system that puts needed informa- 
tion in the customer’s hands every 
week. All he has to do is lift his *phone 
and call us. Here is how it works 





Wits WATIONWAL SCENE 


“Every Friday a complete inventory 
is made of our PHENOLITE stock . . . by 
grade, size and thickness. This informa- 
tion is tabulated and sent to all our field 
locations. To get action, all the cus- 
tomer has to do is call his nearest Na- 
tional sales office. He gets a fast, accu- 
rate answer because the stock list is 
fresh every Monday morning.”’ 


Most customer needs are covered by 
National’s PHENOLITE stocks. Approxi- 
mately two-thirds of the some thirty 
grades are maintained in several thick- 
nesses. These include glass base grades 
as well as the major paper and cotton 
base materials. Many of them are MIL 
spec materials. In addition to PHENO- 
LITE sheet, nylon rod is also stocked for 
immediate shipment. 


“Most customer needs are covered .. .”’ 


60 


...and nylon rod too... 


“Our experience to date is excellent,”’ 
Fisher explains. ‘“‘Orders are being en- 
tered within a half hour of receipt. We 
couldn’t be giving the customer any 
faster service. Our records indicate that 
emergency orders are being shipped the 
same day they are entered. A plus 
benefit for the customer is the time 
saved by our weekly reports. No ‘call- 
backs’ or needless checking of stocks.”’ 


e ” 


*,.. customer benefit . . . faster service . . . 


National’s stock plan eases delivery 
on larger orders and is not confined to 
emergency situations. Mr. Fisher points 
out that the majority of customers 
benefit from the wide range of mate- 
rials carried in stock. ‘“‘For example, a 
customer orders 100 sheets from us. 
He needs some of the materials im- 
mediately, so we ship him five sheets 
out of stock. The other 95 come later 
. . . timed to his needs. 


“One of the things that pleases us 
most is the widespread use being made 
of this service. Even though our major 
stocks are maintained in the East, the 
response in the West, Mid-West and 
South has been excellent. It appears 


that our streamlined communications 
provide the kind of service buyers of 
laminated plastics require.”’ 


To give further support to the pro- 
gram, National maintains local PHENO- 
LITE stocks in Chicago, Los Angeles 
and Toronto. Nylon rod is also carried 
at these locations. 


« 


. .. Supported by local stocks . . .”’ 


This new service can work for you. On 
orders large or small, your procurement 
problems will be reduced if you take 
advantage of National’s ‘““PHENOLITE- 
IN-STOCK”’ service. Listed on the next 
page are the locations and telephone 
numbers of all National Sales Offices. 


Call us any Monday morning! 


“Call us any Monday morning!”? 
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Wet WATLOMWAL SGBNS 


Next Monday Call: 


Baltimore. _ . VAlley 3-0393 


Boston TWinbrook 4-3500 


Chicago VAn Buren 6-8060 


Cincinnati. GArfield 1-0632 


Cleveland. .... . CHerry 1-2086 


Dallas. . . DAvis 8-1733 


Detroit . . UNiversity 3-3632 


Griffin, Ga. GRiffin 8-1308 
Los Angeles RAymond 3-3129 
Milwaukee . BRoadway 6-6995 
New Haven . . . LOcust 2-3594 
Newark. . Mitchell 2-6090 
New York . . . COrtlandt 7-3895 


Philadelphia SHerwood 8-0760 


Pittsburgh _ . FAirfax 1-3939 
Rochester . . HAmilton 6-7270 
St. Louis. _ . PArkview 5-9577 
St. Petersburg 5-5505 
San Francisco DAvenport 6-4667 


Seattle . _ Melrose 7298 


in Canada: 
National Fibre Co. of Canada, Ltd. 
Toronto LEnnox 2-3303 


Montreal _ AVenue 8-7536 


LIVE BETTER 
“Corp, oe” 
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Programmed research at National in- 
cludes projects aimed at developing 
new materials by modifying existing 
ones. Because it has so many unique 
properties, Vulcanized Fibre is a con- 
stant base for such activity. Results in 
recent years have brought a number of 
unusual materials to industry. 


Hycar Latex is introduced at beater stage 
to produce a uniform rubber-sized fibre 
material. 


Case in Point: One of the outstanding 
properties of Vulcanized Fibre is its re- 
sistance to oil and petroleum deriva- 
tives. Sparked by this important char- 
acteristic, National’s engineers devel- 
oped a rubber-sized material which 
combines excellent oil resistance with 


iS OUT OF THE LABS 


compressibility values suited to gasket 
applications. 

Significantly, this new RS-Fibre offers 
a distinct advantage over rubber- 
coated paper now used for gaskets in 
that there is no edge exposure to fluids. 
Uniform rubber content gives a com- 
plete seal not possible with rubber- 
coated paper. Yet RS-Fibre is available 
at a lower cost. Vulcanized Fibre’s 
other properties offer additional advan- 
tages: toughness, tear resistance and 
long life. These many features suggest 
that the potential application of RS- 
Fibre extends far beyond gaskets. 


Availability: Two grades of National’s 
rubber-sized fibre are currently avail- 
able, RS-10-H and RS-15-H. Hycar 
Latex is used to modify the Vulcanized 
Fibre and is introduced at the beater 
stage. This procedure allows the Hycar 
to permeate the pulp and produces a 
basic paper stock with a uniform rubber 
content throughout its thickness. 

For a sample of RS-Fibre and test data, 
use the coupon on the back of this page, 
or contact your National sales office. 


RS-Fibre gasket for automobile rear trans- 
mission. 
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3000 
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Wie ITMATHOWAL SCENE 


DESIGNERS 
ARE USING 





Punched Vulcanized Fibre for master tapes 
used to control tape-operated machines. 
Advantage is longer wear (up to a million 
operations) at minimum cost. 





New .010 inch thick, corrugated Peerless 
insulation for spacers in small transformers. 
Material is merely inserted and replaces 
wrapped insulation papers. Result: reduced 
weight and assembly time. Same material 
also supports wiring of transformer and 
radio components. Corrugations insulate 
and hold wires in position. 





New dielectric photographic film splicer uses 
PHENOLITE Copper-clad XXXP-471 cold- 
punch printed circuit material and two 
electrode support blocks made of PHENOLITE 
G-7-830 glass base laminate. The G-7-830 
support blocks resist carbonizing and do not 
interfere with high frequency current. 





Vulcanized Fibre bonded on both sides of 
plywood for light, strong, shock-resistant 
shipping cases. These reusable cases protect 
instruments and other delicate equipment 
in transit 
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New Aid to Selecting Materials is avail- 


able in 16-page, easy-to-use booklet 
form. Contains general description, 


applications, grades, forms and sizes on 
National’s full line of basic materials 


PHENOLITE, Vulcanized Fibre and ex- 


A. Materials 
Selection Guide 
16 p. 


C] B. Materials in 


Motion —Materi- 
als Handling 
Receptacles 
Catalog. 12 p. 





NAME 


COMPANY 
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/ Dept. NS-3, Wilmington 99, Del. 


Please send me literature checked below. 
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C. Fabricated | 
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D. RS-Fibre | 

Dota Sheet | 
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truded Nylon. Includes ‘comparator 


chart”? (above, right) which compares 
properties and costs of 36 basic grades. 
For a copy, use the handy coupon 
below, or contact your National repre- 


sentative. 











SPECIAL 


rotary rectifier for speed control 


This is a unique, commutating device, specially built by ESCO, 
to provide a signal used for accurate, wide-range speed control 
for a variable frequency alternator. 


It’s a rectifier because it supplies a DC speed control current from 
an AC alternator output. Special windings in the alternator 
impress a “revolving voltage” on a fixed commutator within the 
device. Rotating brushes collect this voltage, in proper synchroni- 
zation, to deliver a DC output through two slip rings. This 
output is exactly proportional to the air gap flux of the alternator 
and is used to control the drive motor speed. This particular 
method was chosen for its exceptionally smooth, accurate control 
over a wide speed range from well below 100 rpm to above 4,000. 
This is typical of ESCO’s unusual ability to design special rotary 
equipment to meet customer needs. Whether or not your problem 
is this special, remember ESCO’s forty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen. 

Refer to Esco Catalog in section 4a/EL in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 

to show you how we Would go about solving it for you. 


ELecrmic SPECIALTY co. 


171 South Street, Stamford, Conn. 
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Can a man 
be an expert 
in everything? 





T’S SAD BUT TRUE that the product design engi- 
] neer of today has to be a many-faceted expert. 
He has to be an engineer and a materials expert 
and a production expert. He has to be well up on 
purchasing fundamentals, plus the elements of 
cost accounting. 

There is one design responsibility from which 
we can give you some relief, though. That is the 
selection of springs. Spring design is a field unto 
itself, and, although we’ll be glad to give you 
mountains of interesting information on the sub- 
ject, why concern yourself with it? We’ll do the 
work for you. 

























gio. AS&W spring engineers will gladly work with 
: eee Oe you to select the right combination of spring 
a characteristics that will do the job well. Most im- 
; a Fs portant: they may be able to suggest a slight 


design change that will drastically lower the cost 
of the spring. 
Just call your nearest AS&W representative. 


AMERICAN STEEL & WIRE DIVISION 
UNITED STATES STEEL 
GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, 
PACIFIC COAST DISTRIBUTORS 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA, 
SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


| USS AMERICAN 
| QUALITY SPRINGS 


UNITED STATES STEEL 
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Cannon Electric 
reduces laminate 


rejections by 54% 


Cannon Electric engineers tested 
many XXX-P laminates before they 
chose G-E Textolite 11570 for the in- 
sulators in their LK-A53 connectors. 
By using this laminate the percentage 
of rejections was reduced from approx- 
imately 55% to 1%. This insulator is 
the most difficult punching part at 
Cannon. The dimensions—1.998” in di- 
ameter, % thick, 49 holes .067” diam- 
eter and 4 holes .128 diameter. The 
report is superior punching with no 
cracking between holes, no delamination 
around holes, and no dimensional change 
in parts. 


on MTC 


11570 
a ee 


General Electric Textolite 11570 is a XXX-P, high 
IR paper-base laminate that can be punched 
clean in a temperature range of 80° F. to 130° F. 
This cold fabricating quality, plus outstanding 
product uniformity, eliminates dimensional varia- 
tions from piece to piece . . permitting the use 
of automatic assembly techniques. The superior 
electrical and mechanical properties of G-E 
Textolite 11570 offer many design opportunities 
to both electrical and electronic manufacturers. 


General Electric Co. [] Please send me details of the 
Laminated Products Dept. Cannon Electric Company tests of 
Sec. EM-107, Coshocton, Ohio G-E Textolite® 11570 laminate 


[] Plecse hove your representative call. 
Name 


Title 


fem an ——— GENERAL 


DER, sentesttcitninnennignin 
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Fenwal THERMOSWITCH Temperature Controls are 
enclosed in a tamper-proof assembly that’s built to 
take grueling punishment — and stay highly accurate, 
uniformly sensitive throughout the operating range — 
and its range is three to five times that of an ordinary 
thermostat! 

That means you can run your machine at greater 
speeds ... your machine will require less maintenance! 
It means greater flexibility for your machine — greater 


9 sales for you — and all at a low first cost. 
It ~ a Even the assembly of a Fenwal THERMOSWITCH unit 
is easier and cheaper! The application of Fenwal 
THERMOSWITCH units are limitless — they’re being 
e used in planes... factories ...ships... hospitals... 
tou h life homes . . . laboratories — used almost any place where 
temperature is a factor and accuracy is a must! 


Drop us a line at Fenwal Incorporated, 110 Pleasant 
Street, Ashland, Mass. and we’ll send you our catalog 


but the sensitive MC-135 or our sales engineer, whichever you want. 


Fenwal THERMOSWITCH: unit takes it in its stride 


This is our 17000 series (we’ve got 25,000 other variations 
with the operating ranges from —100°F to 600°F) in use in 
Master Jet Frymaster. The Fenwal control gives the ma- 
chine rapid, precise response; greater reliability — even 
makes it more economical by conserving cooking fat and gas! 
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SONTROLS TEMPERATURE... PRECISELY 
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Better 

insulation 
through constant 
research 








Be glad you weren’t working here... 


But this sturdy Louis Allis motor was, and still is! 


Shortly before this picture was taken, that pulp-mill 
pump suddenly ruptured. Blasted every object in the 
area with a thick coating of hot paper pulp. 

But note the Louis Allis:20 HP splash-proof motor de- 
signed to take this kind of abuse — and come back for 
more! Note that it took the full force of this blast on its 
vented underside — a motor’s most vulnerable point. 
Only a sturdy, well-designed motor could resist this. 
Still functioning perfectly this one didn’t miss a beat! 


Let us tell you more about Louis Allis electric motors. 
About such unique features as the new varnish of Gil- 
sonite combined with phenolics and alkyds that provides 
the highest degree of moisture, acid, and alkali resist- 
ance . . . locked bearings that reduce end play and ex- 
tend bearing life . . . the dynamically balanced rotor. 
And about the many other Louis Allis extras better dis- 
cussed at length in our file-sized Reference Bulletin 
1700. Why not write for it today? The Louis Allis Co., 
428 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 
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um starting torque 


SPECIFY 
SANGAMO 


motor starting 
Electrolytic Capacitors 


Sangamo A.C. Motor Starting Electrolytic Capacitors are 
universal units for use in motors driving compressors, pumping 
units, machine tools and similar applications requiring high 
starting torque. These capacitors are of the dry electrolytic, non- 
polarized type—designed to give years of dependable service 
in heavy duty applications. 
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TYPE EM 








110 or 220 volts A.C. Available with either 





screw type or solder lug terminals. Housed in 





seamless drawn aluminum case. 












TYPE EM with insulating tube 


110 or 220 volts A.C. Screw type or solder lug 






terminals. Standard replacements for all motor 


Starting types presently in use. 
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TYPE MJL 





110 or 220 volts A.C. Provided with solder lug 


terminals and plastic case. Bracket and end caps 






can be supplied. 


SANGAMO 


Electric Company 
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Breaking fabrication 


with cold 
forging! 


Magnesium, Most companies and 
Oxygen-free engineering personnel 
Copper, are well acquainted 
Zirconium, with Hunter Douglas’ 


High Strength activities in the field 
Aluminum Alloys = of cold forging alumi- 
num and aluminum 
alloys. Not so well known are our efforts 
in the production of magnesium and 
oxygen-free copper components by the 
same process. Recently, as the result of 
a concentrated Hunter Douglas research 
program, tubular zirconium was suc- 
cessfully cold-forged...an achievement 
which now opens the door to the fabri- 
cation of other rare and costly metals 
by our cold forging techniques. 
The field of cold forging is constantly 
expanding with many new successes 


barriers in new materials 





—in lower cost, better design, greater 
strength—an original approach to your 
fabrication problem will pay dividends. 

Hunter Douglas cold forging tech- 
niques, backed by an unmatched expe- 
rience in this field, frequently supply 
the missing key. Many fabrication prob- 
lems can be solved simultaneously by 
producing hollow, dense, zero-draft 
components meeting exact part geom- 
etry requirements and difficult perform- 
ance specifications. 

If you have production requirements 
in any of the metals now being regu- 
larly cold forged, we welcome the 
opportunity of reviewing prints and 
submitting quotations. Especially 
important, if you have an advanced 
program involving zirconium or other 








destined for the future. rare metals, we are in position to devote 
Where stakes are high and being development facilities to the solution of 
first” assures a competitive advantage specific high priority problems. 















Among Hunter Douglas’ many 
first successful cold forging technique for zirconium 
+..@ metal long believed unresponsive to this process! 

By cold forging, the hard surface oxides, carbides 
and nitrides normally produced by hot working were 
completely absent, surface finish was good, and in 

fi tubular shapes tolerances on diameters and concen- 
' tricity were held to a few thousandths...far supe- 
i rior to hot extrusions. With almost complete elimi- 

nation of machining, metal waste was negligible... 

. an extremely important factor with material costs 
running as high as $20.00 per pound! 

Cold forging of oxygen-free copper is now proving 
important to the electronics industry and experimen- 
tal development work is in progress on magnesium 
and even common metals, such as steel. Out of this 
extensive research program is coming the vital knowl- 
edge for meeting tomorrow’s unusual problems. Look 
to Hunter Douglas for everything new in cold forging! 





Hunter Douglas F Aluminum 


Division of BRIDGEPORT BRASS COMPANY 
Dept. EM-10 Riverside, California, Telephone OVerland 3-3030 
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‘H| MICRO SWITCH Precision 





-+ FIRST IN PRECISION SWITCHING 


Six Examples oF How DESIGNERS 
OF A WIDE VARIETY OF PRODUCTS 
USE MICRO SWITCH PRECISION SWITCHES 
TO SIMPLIFY AND IMPROVE PERFORMANCE 


Switch-controlled 
automatic coffee brewer 
adds 22 cups to the pound 


687— 
s., 
a a 
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These lever-actuated switches 
control every step 


“Our coffee brewer would have been impossible 
without these MICRO SWITCH precision switches,” 
says the head of a concern which makes auto- 
matic brewers for coffee vending machines. Photo 
shows three of seven switches which control 
every step of the brewing process. Precision 
switch operation produces 22 more cups of excel- 
lent coffee to the pound. MICRO SWITCH general 
purpose basic switches offer a wide variety of 
actuating means and operating characteristics. 
The actuators, like the rigid lever type shown, 
are constructed as an integral part of the switch. 
(Catalog 62) 
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Throttle control 
switches centralize 
jet pilot’s handling of 
many functions 


ye 





This throttle control, 
equipped with MICRO SWITCH 
precision switches, gives a jet 
plane pilot the utmost cen- 
tralized control possible. 
Photo showsa throttle control 
quadrant with three MICRO SWITCH V3 switches 
which “allow a mechanical perfection comparable 
to a fine watch,’’ according to the designer. 
MICRO SWITCH V3 switches have the highest elec- 
trical capacity for their size of any switch avail- 
able. They have been developed to meet the ex- 
acting requirements of designers for an extremely 
small switch with no sacrifice of quality or pre- 
cision. V3 switches are available in a wide variety 
of terminal designs, contact arrangements and 
operating characteristics. (Catalog 74) 


- 


Small V3 switches 
with high electrical 
capacity 


MICRO SWITCH can help your research and development \-= an Bee 
program. There are always new switches at MICRO SWITCH. catalog 83 on 


Ca// the nearest branch for technical engineering assistance. 


\ & @2)\ Enclosed 
\ (ete 


Switches 
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Switches have uses unlimited |H| 


MICRO SWITCH nerve centers 
help automatic camera take a 
photo every five seconds 





MICRO SWITCH precision switches trigger all 
phases in the operation of an automatic camera. 
Despite the delicate functions of the switches, 
these units require a minimum of maintenance. 
In fact, the maker is now overhauling one that 
has logged over 65,000 photos. ‘MICRO SWITCH 
units,” says the designer, ‘‘offer better quality 


and more dependability.” (Catalog 62) 





45 switches actuate 
intercoupler device to 
speed tabulation of 
accounting information 







This device couples such a ma- 


Each key connects chine as a cash register, for in- 





with a subminiature d : Millions of repeat 

switch stance, with a card-punching operations—no 
machine to record accounting maintenance 
data. ‘“‘Small size of MICRO ~ 


SWITCH subminiature switches 
make them efficient, reliable and an ‘ideal pack- 
age’,’’ say the designers. ‘“MICRO SWITCH tech- 
nicians keep us posted on up-to-date develop- 
ments and make our research and development 
work easier.” (Catalog 75) 
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Roller-lever actuated 
switches control op- 


erating cycle 


Switches hold abrasive wheel 


true while cutting discs as 
thin as .0145 in. 


~ 
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Switches do “thinking” and 
this machine out-produces 
battery of drill presses 








216 SE 21e- With MICRO SWITCH precision switches actuating 

the various operating steps of this turret drill, 

isis clhiciitinnis iliateiih Gentine dei talathe our cease one operator can keep three or four machines at 
cutting, conatantly decreasing in ME. Buitchesare work. Main advantage of the use of MICRO 


key controls of 
this equipment 





SWITCH units, according to the designer is simpli- 
fication of controls. This factor means that one 
setup can perform six to eight jobs. ‘We build 
a high quality machine and we demand high 
quality components,”’ he says. (Catalog 62) 


diameter. One of the switches used 
on this cutter keeps the wheel at a 
constant distance from the rod center. 
““MICRO SWITCH precision switches enable us to 
cut high nickel alloy rods to extremely critical 
tolerances,’’ say the designers. The switches con- 
trol the complete feeding and cutting cycle. 


The two MICRO SWITCH ML switches shown com- 

bine rugged construction with precision, snap- 

action switching. (Catalog 83) 

A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
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WIRE-WOUND, 
VITREOUS-ENAMELED 


POWER RESISTO RS « «ss industry’s most complete line 


WELDED RESISTANCE WIRE Ohmite 
Resistors have the resistance wire 
welded to the terminals instead of 
EXCLUSIVE soldered or brazed. This provides a 
SGN TEMPERATURE j perfect and permanently stable elec- 
VITREOUS ENAMEL . . ; ; : 

! trical connection that is unaffected by 

vibration or high temperature. 


CERAMIC CORE WELDED TERMINALS Another Oh- 
mite Resistor feature is the welded 
terminal band. The band is perma- 
nently held together around ceramic 
core by means of welding, providing 
a strong, permanent fastening. 


STRONG CERAMIC CORE This 
strong, rugged core has excellent elec- 
trical characteristics, and is unaffected 
by cold, heat fumes, or high humidity. 


EXCLUSIVE HIGH TEMPERATURE VIT- 
REOUS ENAMEL This special-form- 
ula enamel was developed by Ohmite 
after extensive research. Its thermal 
expansion is properly related to that 
of core, terminal, and resistance wire. 


Ohmite offers resistors in more than 

60 sizes—ranging from 214” diameter 

by 20” long to 4” diameter by 9/16” 

, ENAMEL long—to meet your exact require- 

re a ments. MANY SIZES ARE CARRIED 
coats - nae - 5 IN STOCK. 


Ohmite offers the most complete line 
of wire-wound, vitreous-enameled 
POWER RESISTORS on the mar- 
ket ... fixed, adjustable, tapped. 
noninductive, and precision resis- 
tors in many sizes, types of terminals 

. available in a wide range of 
wattages and resistances. 


Write on company letterhead 
for Catalog No. 40. 


BE RIGHT WITH 


RHEOSTATS + RESISTORS + RELAYS + TAP SWITCHES 
TANTALUM CAPACITORS « VARIABLE TRANSFORMERS 


OCHMITE MANUFACTURING COMPANY 
3614 Howard Street 


Skokie, Illinois 
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NOW! Available for 


prompt shipment to all 


points in continental U.S. 


Modern electronically controlled slitters give you exact, clean-edged widths. Speeds up to 700 linear feet per minute are another factor in pr 


ompt service. 


Anaconda Aluminum Coiled Sheet 


ALUMINUM COILED SHEET produced to the high 
standards of quality and uniformity maintained by 
The American Brass Company is now available for 
prompt shipment from our Torrington Division to all 
points in the United States. 

It is rolled on the most modern, high-speed equip- 
ment, X-ray controlled to close tolerance in gage. High- 
speed, electronically operated slitters give exact widths 
with clean edges on evenly and tightly wound coils. 
Latest annealing furnaces—with controlled atmosphere 
and temperature—provide high uniformity of metal 
structure to meet specified mechanical-property limits. 
IN THESE WIDTHS: \laximum 2S inches 

Minimum *¢ inch 
IN THESE THICKNESSES: \laximum 0.064 inch 
Minimum .006 inch 
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COIL WEIGHTS: Up to 100 Ib. per inch of width 
ARBOR SIZES: 4. 6. 8S. 10, 12. 16. and 20 inches in 
diameter 

ALLOYS: 1100. 3003. 3004. 5005. 5050. 5052 
TEMPERS: Alloy Nos. 1100, 3003, 5005 

—O, —H12, —H14, —H16, —H18 

Alloy Nos. 3004, 5005, 5050, 5052 

—O, —H32, —H34, —H36, —H38 
FOR IMMEDIATE ACTION, call The American Brass 
Company Office nearest you. The American Brass Com- 
pany, Waterbury 20, Conn. 


ANACONDA 


ALUMINUM COILED SHEET 
Made by The American Brass Company 
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In super-sensitive electronic equipment— 


UTILIZES 
PLASKON® ALKYD 
and UREA 


PLASKON Alkyd 446 

After extensive experimentation, engineers of Interna- 
tional Business Machines Corp. found that PLASKON J 
Alkyd 446 was just right for precision-molded brush a 
blocks, circuit breakers—and other critical components : 
in IBM’s famous electronic machines. 


Foremost among IBM’s requirements were: very low 
moisture absorption and dependable heat resistance to 
assure exact dimensional stability under all climatic con- 
ditions. But there were other important requirements 
too—including high impact strength, good abrasion re- 
sistance, excellent electrical properties, the ability to be 
molded around inserts without cracking. PLASKON 
Alkyd 446—a glass-filled alkyd—met all these require- * 
ments fully. 


Not only do parts of PLASKON Alkyd perform better, 
they also offer important molding advantages which 
lower the cost of the finished parts. Alkyds mold clean 
and precise . .. making them ideal for fast, cost-cutting 
automatic production. 


If your electrical or electronic products demand any or 
all of the above-mentioned properties . . . it will pay you 
to mold with PLASKON Alkyds. There is a wide variety 
of these versatile materials to meet scores of specialized 
needs. 





PLASKON Urea—After many trials 
with all types of materials, IBM selected 
PLASKON Urea for molding the body of 
') a relay armature that is used in quantity 

+» in IBM data-processing machines. The 
™ demands made upon these tiny parts are 
great. At times they must withstand tem- 
peratures up to 200°F....they must resist 
extreme surface abrasion as there is con- 
stant friction with steel brushes. IBM tests 
proved that PLASKON Urea could meet 
these stiff requirements. 






If you have similar problems—or if your product calls for a 
material with good electrical properties, great strength, easy 
moldability and wide color selection (over 12,000 colors)— 
very likely PLASKON Urea is what you're looking for. 


ae 


For complete data and technical assistance write: BARRETT 
DIVISION, Allied Chemical & Dye Corp., 40 Rector 
te 








St., New York 6, N. Y. In Canada: The Barrett Com- Hitgm 
pany, Ltd., Keating and Saulter Sts., Toronto 8, Ontario. 






rely on... 


Mallory 


motor-run 


Capacitors 


Mallory offers a complete line of AC capacitors for motor-run service. They are 
oil impregnated, and are especially designed for long, rugged service. 


These capacitors are primarily for heavy duty, continuous service motor-run 
applications—as a means of reducing current consumption in home and industrial 
appliances such as room air-conditioning equipment. Metal cased, they can be 
operated safely up to 10% above ratings—and at ambient temperatures as high 
as 75° C. Non-inflammable and non-oxidizable impregnating oil provides long 
service life and a high safety factor. 


Mallory Motor-Run Capacitors are companions to Mallory Motor-Start Capacitors 
that were pioneered by Mallory for smaller size, higher temperature ratings, and 
closer capacity tolerances for high starting torque. 


For start or run—give your motor drives extra dependability with Mallory 
capacitors—standards of industry. Both are available in a wide range of capac- 
ities, voltage ratings and mounting styles. Complete information and technical 
data are available through the nearest Mallory representative. 


Expect more...get more from 


Serving Industry with These Products: P.R. MALLORY & CO. inc. 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals « Welding Materials 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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i ‘Tra ngitron 


NEW 


LEAD ee 
TYPES Silicon 


Rectifiers 


150ma TYPE 250ma TYPE 
(400ma at 25°C) (750me at 25°C) 


RATINGS TO 600V. PIV IN BOTH TYPES ; , 
Two new lead types have now been included in 


Transitron’s expanding family of silicon rectifiers. 
The subminiature glass units combine high current- 
voltage ratings with the smallest possible size to 
Features .. . provide greater design versatility. For applications 


requiring ratings in the region of 250 ma per cell, 
Operation to 175°C a > s ” a 
the new standard series is recommended. 
High power handling ability 
Convenient mounting The same high degree of reliability which has been 
. characteristic of Transitron’s silicon diodes and stud 
Small size ‘ieciitoaaite 
type rectifiers has been “built into” these new 
lead types. Extensive environmental testing insures 
dependability under the most severe operating conditions. 


Hermetically sealed 


Peak Maximum Maximum Maximum 
Recurrent Average Average Inverse 


Inverse Forward Forward Current Send for 


Operating Current Current @ 150°C 


Voltage @ 150°C @ 25°C Full Load Bulletin TE- 1351 
(volts) (ma) (ma) a 


SUBMINIATURE TYPES 

600 150 400 
400 150 400 
200 150 400 


STANDARD TYPES 


250 
250 
250 
250 


‘Trangitron 


electronic corporation * wakefield, massachusetts 


Transistors Diodes Regulators Rectifiers 
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Heater housing, a premix molding by Woodall Industries, Inc., Detroit, Michigan 


Premix moldings save time, money and trouble 


If your product calls for reinforced plastics, youll save 
| 
tir 


1 1] ' 
me, money and trouble with premix m Ndi 


formed in the mold. For strong, rigid, reinforced plastics, 


gs. Small or premix moldings have proved ideal . . 


line as well as in the finished product. 


on the production 
simpl or complex, you'll et 


get quality molding faster 
“T ost wher , and reinforcing fil blended 
it less cost I resin 1d reintorcu nber are biendec . " ; 
eee stadia a 5 Polyester resin with Dow Vinyltoluene or Dow Styrene 
offers all the special properties necessary for successful 
premix moldings. Specify resins based on vinyltoluene—Dow 


supplies vinvltoluene to resin manutacturers. 
Slots, grooves CHEMICAL 


, : 
ngs eliminate resin-rich areas, provide uniform 

| 
cknesses and sti ot] eV ] 


eliminate many finishing THE DOW 
yperations necess COMPANY, Midland, Michigan, Plastics Sales 


cknesses ar Department ISSSH. 


YOU CAN DEPEND ON 
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‘Tra ngitron 


aah Jf ff ACTUAL 


Features... ...for high 


Low I .o, typically under .02 pa temperature 


operat 
Operation to 175 C Pp ion 


200 mw Power Rating Transitron’s NPN silicon transistors are de- 
= s signed for a wide range of small signal ap- 
High Frequency Operation plications in the power range up to 200 mw. 


. They will provide dependable operation up 
High Temperature Tested to 175°C in circuits such as RF and. IF 


ese amplifiers, video and audio amplifiers, servo 
Excellent Stability P we © amplifiers, se 


control, switching, and many others. 

Welded Hermetic Seal Manufactured by diffusion in the liquid phase 
during crystal growth, these transistors are 
essentially free of parameter drift and in- 
Maximum stability common in conventional grown 

Minimum Maximum Collector . as ; . . * = 
one Gomer Tyelee! Cot Of junction transistors. Through close process 
Emitter Voltage Cut-off Current at 25°C control, these units have exceptionally low 

Current Vee Peak Frequency at Ve Max . Z . 

Goin, B (volts) (mec) (va) l.o up to their maximum voltage and tem- 
ae perature ratings. As a result, performance 
45 1 reliability can be achieved even at higher 


30 11 voltage levels. 
15 WW 


20 1 For environmental stability, extensive tem- 
15 17 perature cycling and storage as well as 

mechanical and hermetic seal tests are in- 
45 10 cluded as a regular part of the manufactur- 
= a ing process. 


45 7 

45 9 

45 11 

45 10 
Send for 
Bulletin TE-1353 


Trangitron 


electronic corporation wakefield, 


massachusetts 


gt j¢— sincere arcane x ; 


Transistors Diodes Regulators Rectifiers 
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FOR FLEXIBILITY OF DESIGN. In this “Cold-Zone” cooling- 
storage milk products tank, made by Damrow Brothers Com- 
pany, Fond du Lac, Wisc., Type 304 10-gage Stainless Steel 
was used for the smooth, easy-to-clean inner wall. Again 
Stainless Steel—this time Type 304 16-gage—was used for the 
dimpled outer wall which is stave-welded to the inner shell. 
This unusual design of dimple size and arrangement gives 
proper baffling and velocity to the refrigerant as it passes 
through the cooling area. Stainless Steel provides greater 
sanitation, durability, long life, strength and—the flexibility 
necessary to make this design possible. 


a Lo 


rs 
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NOTHING can equal 
Stainless Steel 


in its unique combination of properties 


No other design material can match Stainless Steel in its 
combination of desirable properties: corrosion resist- 
ance, strength, hardness, beauty, cleanability and easy 
fabrication. If you’re looking for a reliable source of 
supply, remember that United States Steel offers you 
the widest range of types, finishes and sizes. 

UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELAND 

COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO « NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS STAINLESS STEEL 


SHEETS - 
PIPE - 


STRIP «+ 
TUBES - 


PLATES + 
WIRE - 


BARS + BILLETS 
SPECIAL SECTIONS 


UNITED STATES STEEL 


< 


FOR BEAUTY. Stainless Steel shingles in diminishing sizes 
create a beautiful, gleaming steeple for the State Street 
Methodist Church in Bristol, Virginia. Architect Allen Dry- 
den, of Kingsport, Tenn., specifies Stainless Steel for jobs 
like this to assure lasting beauty, protection from weather 
and freedom from maintenance. This spire is sheathed in 
Type 302 26-gage Stainless Steel, and the cross is built of 
Type 302 Stainless bars. Construction details were engi- 
neered by Overly Manufacturing Company, Greensburg, Pa., 
who also fabricated and erected the steeple. 


FOR DURABILITY. The Master Combination Padlock, de- 
signed for school locker room use and built by Master Lock 
Company, Milwaukee, Wisconsin, features a double-case 
construction—with Type 430 Stainless Steel used for the 
outer case. This Stainless Steel design makes it one of the 
strongest padlocks available. In addition to increasing the 
lock’s durability, Stainless Steel also adds to its sales appeal 
and to its resistance to the corrosive atmospheres of damp 
locker rooms. The springs, too, are made from USS Stain- 
less Steel—T ype 304 Ameroxide coated wire. 
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EDISON MINIATURE --HI-TEMP 


servo systems and 
components 


The Edison Instrument Division is now offering design engineers 

an extensive line of miniature and subminiature Hi-Temp 

Servos and Servo Components . . . in addition to a complete facility 
for custom designed units and servo sub-systems. 


Edison’s Size 11 Motor Damping Generator for example, was built 
to such precise tolerances that a leading systems manufacturer 
was able to make this particular unit do double duty as a tachometer 
generator. This miniature unit’s fast response and large output 
signal makes it ideal for applications where weight, size and high 
performance are prime requisites. 


Precision production and rigid quality control inspection have made 
these ‘‘customized’’ components possible. In addition to these 
special units, Edison also manufactures an extensive line of standard 
servo motor and servo motor-generator combinations from size 

8 - up, a quality group of synchros, and custom-engineered magnetic 
heads for flight and ground-based analog computers. 





For information about Edison precision Servos and Servo 
Components, write for Catalog No. 3044 
... your copy is reserved. 


EDISON SERVO MOTOR DAMPING GENERATOR 

TYPE OF MOTOR TWO PHASE SERVO 
MOTOR-DAMPING 
GENERATOR 





NO LOAD SPEED (MIN. RPM 5800 
STALLED TORQUE MIN. OZ N 60 
POWER INPUT TO MOTOR AT STALL 

NOM. WATTS/PHASE 2.9 





SPEED AT MAX. POWER OUTP 3300 
TORQUE AT MAX. POWER OUTFE a 
THEORETICAL ACCELERATION 34.800 
RADIANS/SEC.? 

TIME CONSTANT 019 SEC 
POWER INPUT TO GENERATOR AT STALL 

(NOM WATTS 35 
OUTPUT VOLTS AT O RPM MAX. RMS 019 
OUTPUT VOLTS PER 1000 RPM MIN 5 
PHASE SHIFT (MAX 10 DEGREES 


DUTY 





wi 


Thomas A. Edison 


INDUSTRIES 
INSTRUMENT DIVISION ® ROSELAND, N. J 


WRITE FOR 
SYSTEMS OF 
THE 

INSTRUMENT 
DIVISION 
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SQUARE D 


el 


SIZE 5 STARTER 


(maller! REQUIRES ONL. 


270 SQUARE INCHES OF SPACE 


DESIGN LEADERSHIP FEATURES IN SQUARE D’s 
COMPLETE LINE OF VERTICAL ACTION STARTERS—SIZE 0 through 5 


What’s most important in a motor starter? 


Performance and long life come first, naturally— 
and Square D's straight line guided motion and heavy- 
duty silver alloy contacts assure both. But that’s only 
the beginning— 
Fast wiring is important, too. Square D gives you a lot 
of wiring space and time-saving solderless terminals. 
Easy maintenance rates high. The coils, contacts 
and overload relays on all Square D starters can be 
changed in a jiffy... without disturbing external con- 
nections. A screwdriver is all you need. And— 
Off-the-Shelf” Parts Kits make normal mainte- 
nance and ‘“‘on-the-job’’ modifications easier than 
ever. Packaged parts include interlocks, contacts, 
coils, overload relays, pushbuttons and selector 
switches. They're easy to buy, easy to identify and 
faster to install. 

For the complete story, write for Bulletin 8536 
Square D Company, 404] N. Richards St., Milwaukee, 12, Wis. 


EC&M neavy inpustry ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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When measuring high limits 
DON'T 


turn fixed gage onto screw 


A 


(CC 


turn screw into gage with a 
conventional wrench 


turn screw into gage holding 
head by 2 fingers to insure 


When gaging gages 


use handle on set plug 
when setting fixed gage 


( 


i 


DON'T 


DO turn plug by the shank with 2 
><" _ fingers to insure correct torque 


DO 


check variable gage for ex- 
cessive play 


These illustrations from new SPS booklet show some of the do’s and don’ts of gaging precision threads. 


3A threads: what they are; how to 
gage them — new SPS booklet tells all 


Threads made to Class 3A fit are the most precise in general 
use in industry. But you do not always get the 3A precision 
you specify. Because of many different gaging techniques that 
yield varying results, screws with threads well outside the Class 
3A tolerance limits often pass inspection. 


SPS has prepared a new booklet on this subject. It explains 
clearly what Class 3A threads are and the pros and cons in- 
volved in the widely varying gaging techniques in use today. It 
reviews the gaging of high and low limits of 3A threads, sam- 
pling techniques, and even the methods of gaging gages. 


All standard UNBRAKO socket screw products fall within 
specified tolerance limits no matter what method is used to gage 
them. Leading industrial distributors carry complete stocks. 
Unbrako Socket Screw Division, STANDARD PRESSED STEBL 
Co., Jenkintown 9, Pa. 
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We also manufacture precision titanium 
fasteners. Write for free booklet 


Form 2239, “Class 3A Threads: what the) 
are; how to gage them.” !6 pages, with 
many illustrations. Write for free copy today. 


Class 3A Threads 


ul 


STANDARD PRESSED STEEL CO. 


—anni 
UNBRAKO socker screw DIVISION $ 


JENKINTOWN PENNSYLVANIA 
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THESE g FEATURES MAKE NEW R & M ARMATURES OUTSTANDING 


All coils are wound simultaneously. 
Coils are exactly identical, assuring 
identical electrical and physical char- 
acteristics. Conventional methods pro- 
duce windings with individual coils 
having varying amounts of wire and 
gensequent non-symmetry. 


Armature coils are uniformly positioned 
and anchored securely. Interlocked 
winding pattern resists conductor and 
coil end movement. This unique con- 


struction minimizes abrasion of wire 
insulation, a common cause of high 
speed armature failure. 

w 


Maximum coil end exposure resulting 
from distinctive winding pattern permits 
maximum heat dissipation. Lower tem- 
peratures prolong armature life. 


More uniform electrical characteristics 
reduce arcing at brushes, improving 
commutation and prolonging brush life. 


ROBBINS 


SPRINGFIELD, OHIO 


CONVENTIONAL 


+ are. INC. 


BRANTFORD, ONTARIO 


a % ? exo Ga 


Motors 


Hoists Moyno| Pumps rngetafboni strial) Fang 
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R&M PRECISION 
MACHINE-WOUND ARMATURES 


can improve your product’s performance ! 


A new basic development in armature winding technique, perfected by Robbins 
& Myers, now produces armatures for Universal or Series Motors which are 
superior to those heretofore available for original equipment manufacturing. 
The new R & M armature winding machine winds all coils simultaneously 
... uniformly positions them . . . and the coils are physically and electrically 
identical! Weaknesses inherent in armatures wound by conventional methods 
are eliminated. The new R & M machine produces armatures of finer, more 
uniform construction which will give longer, more dependable service! 


Contact a Robbins & Myers representative for additional details on R & M 


universal motors and series motor parts 
or write for Bulletins 444-EM and 455-EM. 


AUTOMATION AT R & M SPEEDS ARMATURE 
WINDING AND IMPROVES ELECTRICAL AND 
PHYSICAL QUALITIES OF PRODUCT, 
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CTC family of kollet knobs makes set screws unnecessary unique locking device gives them firmer holding power under vibration and continued 
use. Circumferential pressure on shaft eliminates scoring or marring. ‘Tremendous holding power whether on shafts of soft brass, aluminum or 


stainless steel. Kollet knobs left to right for shaft, 4s" or 4" and |," or % 


Three who’ll dress to please you 


CTC’s family of kollet knobs is care- 
fully made of prime materials, as are 
all CTC components. And they have 
this added feature, being in the open as 
they are: They’re good-looking and 
adaptable. 

Made of molded Tenite II in matte 
finish their metal face plates snap into 
place, completing the design and cover- 
ing the kollet locking device. You have 
a choice of ten color inserts for instru- 
ment panel coding, and can have the 
knobs with or without skirts or indi- 
cating lines. 

Reliability is the key characteristic 
of every component CTC makes. Every 
component is unconditionally guaran- 
teed in quantities from one to millions. 
Other CTC components include coil 
forms, coils, terminal boards, terminals, 
diode clips, insulated terminals and 
hardware. 


Cambridge Thermionic Corporation, 
453 Concord Ave., Cambridge 38, 
Mass. West Coast stocks maintained 
by E. V. Roberts Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California. 


CTC Panel Hardware meets or betters govern- 
ment specifications. Typical quality hardware 
shown: oval handle, adjustable handle, folding 
handle, thumb screw, plug and jack, shaft lock 
Other quality hardware includes battery clips, ter- 
minal boards, diode clips, dial locks. Variety of 
finishes available. 


CAMBRIDGE THERMIONIC CORPORATION © 


makers of guaranteed electronic components 
custom or standard 


For sample specifications and prices, 
write now to Sales Engineering Dept., 
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Fay RTS 
WNP 


| 
AS 


THE PEAK OF QUALITY 


\ Anniversay | 
/ 


\ 7 
907.1994 


f 


it was in May, 1907, that Ferdinand Wetterberg 
founded New Jersey Wood Finishing Company. 
The years have seen the Vartex line broaden 
into today’s complete and comprehensive line of 
the most modern flexible electrical insulation 
products. Vartex is your assurance of quality 
with a tradition. 


t 


OCTOBER 1957 


the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400° F. 


Complete test data available on request 


Agents in all principal cities 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 


Varnished “‘Fiberglas'’t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
Synthetic Resinous Tapes and Extruded Tubing Rag Paper and ‘‘Mylar’’* Polyester Film 
Cable Wrapping Tapes Asbestos Paper and ‘‘Mylar’’* Polyester Film 
Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and ‘‘Mylar''* Polyester Film 
“VARSIL" Silicone Varnished ‘‘Fiberglas''t Vartex Varnished ‘“‘Fiberglas"t and 
Cloth and Tapes “Mylar'’* Polyester Film 
Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, OQwens-Corning Fiberglas registered trademark 
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Each of the more than 2000 cards in this progress file Delivery schedules are set up by the Sales Department 

represents a project on which G-V Engineers are work- as soon as orders are received. This production control 

ing with a customer’s staff. An automatic follow-up board charts each order through ten reporting points 

makes sure we do our part on time. in the manufacturing process. Delays are avoided be- 
fore they arise and deliveries are on time. 


How Has Service Contributed to 


Engineering develops the prototypes for 
G-V’s famous line; Production maintains the 
quality and steady flow of this line; SERVICE 
assures swift delivery, accurate follow-through, 
specialized engineering assistance to users of 
thermal relays. These elements, which have 
made G-V the leader in thermal relays, are 
available to all of G-V’s customers and poten- 
tial customers. 


Complete catalog data is available. 


G-V CONTROLS INC. 


8 Hollywood Plaza, East Orange, N. J. 


Closer personal contact with customers is achieved Key spots open for engineers interested oe 
through the use of Sales Administrators at the Home Of- places with a young progressive organization. 
fice, who personally handle all calls and correspondence 
from their specific territories. In this way, the same man 
always speaks to the same customers, with whose require- 
ments and problems he becomes increasingly familiar. Left 
to right: W. J. (Bill) Vandertulip, Western Region; George 
A. Compton, Ass’t. Sales Manager; S. J. (Joe) Carris, East- 
ern Region; D. C. (Dave) Kemper, Central Region. 


The G-V LINE—top, left to right: Red Dot Industrial 
Time Delay, Hermetically Sealed Time Delays, Voltage 
Compensated Thermal Delays, Military Instant Reset 
Timer. Bottom, left to right: Frequency Sensing Relay, 
Instant Reset Thermal Delay, C-8 Series Electrical 
Thermostats. 









No. 3 of a Series 


Sales and 


Cooperative 





a 
Oo Ip”Yr O 
k Ng bneerl NS The Home Office team. These people represent you at head- 
quarters. Call on them for help of any kind. 


G-V’s Leadership in Thermal Relays? 


HOW DOES G-V SERVICE WORK?-—G-V Service can be quoted promptly and dependably, the mo- 
starts with cooperative engineering, the offer of ment you ask for them. Your orders are watched 
specialized engineering assistance to all users of constantly to make sure they are on schedule, and 
thermal relays. G-V Sales and Application Engi- you get delivery on time and without rejections. 
neers know their products thoroughly and are 
interested in your problems. They can tell you To maintain its leadership in the field of 
precisely how G-V Thermal Relays and Thermo- Thermal Relays, G-V holds to the same high stand- 
stats will perform in your application. They help ards of engineering and quality maintained in 


you to engineer sound, successful systems. the plants of its customers. The fact that these 


G-V Service continues when you are ready customers include all of the country’s major elec- 
to order. Small lots for test or prototype use are tronic and aircraft manufacturers clearly shows 
rushed through on a special schedule. Deliveries the superiority of these standards. 





Henry Brower Brian Miller Arthur Tice 
Eastern Regional Manager Midwest Regional Manager Western Regional Manager 





e 


Robert F. Stockton III 
General Sales Manager 






FRANK S. TODINO ALAN DeCEW R. G. THOMAS DAN R. COURTNEY M. A. STOLAROFF WIN W. TOMPKINS 


Newtonville, Mass Sodus, N. Y Chagrin Falls, Ohio Detroit, Mich Los Angeles, Calif. Palo Alto, Calif. 


a 





These men personify the service 
in which G-V takes so much pride. 
From Sales Manager to Regional 
Field Managers to Area Repre- 
sentatives,-they embody the spirit j {= r 
of helpfulness and cooperation JOHN W. RICHAROT L. G. WHITE GEORGE H. KELLEY HERB RICHARDSON BURT C. PORTER 
which characterizes G-V. All East Orange, N. J Silver Springs, Md Berwyn, fil. Minneapolis, Minn. Seattle, Wash. 


trained engineers, they are always oe Ey 


available to aid you with any prob- 

lem, large or small. Feel free to 
BEN WOODMAN FRED C BURTON WALTER BORNEMANN = WM. N. WRIGHT L. MAY 
Atlanta, Georgia Great Neck, L. 1, N. ¥. New Orleans, La. Dallas, Tex. Toronto, Ont., Can. 





JAMES F. HURLBUT 
Denver, Colo. 


These men are 
typical of the 
more than 70 
G-V sales 
representatives. 





call on them. 
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° LUBRIKIT. . . An assort- 
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Decian “Law Cact ment of 95 oil cups of 29 





Miniature electronic components potted 
in Epon resin by Freed Transformer Com- 
pany, Inc., Brooklyn, New York 


a? 


~ 


Why EPON ’ RESINS 


4 Good Reasons! 


1. Outstanding adhesion to metal, glass, plastics 


- Excellent dimensional stability 


2 
3. High mechanical strength 
4 





moacdsdc=4f 


Excellent dielectric properties 


Section of magnetic amplifier coils em- 


vents and chemicals, even at elevated 
bedded in Epon resin by Westinghouse 


Epon RESINS are preferred for potting, 


laminating, sealing and encapsulating 
because they offer an almost ideal 
combination of electrical and physical 
properties. 


Potting and encapsulating. 
Epon resins have outstanding adhesive 
properties. They form strong bonds to 
metal and glass, provide airtight enclosure 
of delicate components and vacuum tubes. 
They also have excellent dimensional sta- 
bility and can withstand solder bath 
temperatures. 


temperatures. 


Laminating. Epon resins, laid up 
with inert fibrous fillers, produce base 
laminates of superior dielectric properties 
which can be sheared, punched, drilled 
and bath soldered. 


Adhesives. Solvent-free Epon resin 
formulations cure at room temperature, 
with contact pressure alone; form power- 
ful bonds between glass, metal, wood or 
plastic. 


Electric Corporation, Pittsburgh, Pa. 





: r Write for complete information on the use oo 

Sealing. Enamels and varnishes based of Epon resins in protective enamels, tool = 
on Epon resins provide excellent moisture and die materials, etched circuit laminates, Potting transformer with Epon resin at 

sealing plus outstanding resistance to sol- transformer and motor sealing compounds. PCA Electronics, Inc.,Santa Monica, Calif. { 

ir 

CHEMICAL SALES DIVISION 380 Madison Avenue, New York 17, New York p! 

Atlanta - Boston - Chicago - Cleveland - Detroit - Houston - Los Angeles - Newark - New York - San Francisco - St. Lovis lu 

IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited - Montreal - Toronto + Vancouver of 

ué 

, ac 
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Alianta, Georgia Great Neck, L. I, N.Y. 


New Orieans, La. Dallas, tex. 
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Design “Low Cost” 
Into YOUR Equipment 





ITS 


Weds Largest 





Selection of 


Lou- Cost Lubricating Devices 


CLIPS FOR ATTACHING 
TUBING 


When ordering, 

specify 4", %6" gc 
or %” tubes. posal ts 5: 
Style TF. 


a 


Double Clips 


CHIL RNDS 


3-Tube Clips 


4-Tube Clips 








Double Clips — Wing Type 






MULTIPLE 
OILERS 


This one unit replaces 3 to 8 
individual oilers. Maximum 
practicality in a small central 
lubrication system. Positive cut- 
off during idle periods. Individ- 
ual vibration-proof needle valve 
adjustments. With solenoid con- 
trol (Illustrated): Style MDS— 
No. 4685-A. Without solenoid: 
Style MD. 










SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 

Shut-off knob does not affect 
needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 

Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 


For use where rate of 
oil flow must be reg- 
ulated to suit changing 
operating conditions. 
Needle 
mvalive 
i permits 
extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 


eae 


Toronto, Ont., Can. 









LUBRIKIT... An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. 


Special Introductory Price 


Just $1495 £.0.8. Factory 
Satisfaction or your money back << 


Cad 


~*~ . 
Td 


kines 
ora ne = 
627%, 
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GEAR 
CASE 
GAUGES 





This oil gauge plug permits in-. 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GITS BROS.MFG. Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference” 
Circle 168 on page 17 





WARNER ELECTRIC CLUTCH COUPLINGS 
SOLVE HIGH-SPEED RECORDING PROBLEM 


Automatic transmission for remotely 
controlled, recording oscillograph permits 
speed changes without stopping machine 


Here’s an example of how designing Warner electric clutch 
couplings and brakes into the original unit get results that 
couldn't be obtained any other way. That’s the story of the 
Cathode Ray Oscillograph Recorder for high-frequency 
phenomena designed and built by William Miller In- 
strument Company, Pasadena, California. 

A total of 10 Warner electric clutch couplings and one 
RF-250 brake are used in the transmission to control re- 
cording speeds and in the magazine to control flow of 
photosensitive recording paper. The Warner clutch cou- 
plings in the transmission permit remote pushbutton selec- 
tion of recording speed ranging between 3 and 400 inches 
per minute without stopping machine. 


In addition, removing the magazine for darkroom proc- 
essing of recording paper is also simplified because Warner 
Clutch-Couplings were incorporated into the original de- 
sign. All that is necessary is to de-energize the field, unlock 
the magazine case, and slide the armatures away from 
their respective fields and rotors. 


Pushbutton, centralized control that can be custom- 
designed right into the machine's electrical requirements 
is yours with Warner Electric Motion Control. Split-second 
operation and precise control for automatic cycling, in- 
dexing, positioning, starting, and stopping guarantee that 
your machines have the design advances your customers 
want. Capacities range from 8 in. lb to 700 ft. lb, maxi- 
mum static torque rating. 


Instantaneous shift in recording rate, when required, is pushbutton 
controlled (above). Removing magazine for darkroom processing of re- 
cording paper requires only the de-energizing of two Warner electric 
clutch couplings, shown at right, and unlocking the magazine. 





Gtan aepucens 


No. 
motor 1 
40/13.2 we 
+ 900/300 i} 
”~ apm va 


WARNER PC 1525 
CLUTCH COUPLINGS 

















































Brake and Clutch on Electronic Computer 
—electric brake and clutch mounted on the same 
shaft in sensing and punching unit enable it to 
handle 100 cards per minute, requiring 6,000 
starts and stops per hour. Sensing fingers read 
data from the punched cards, information goes to 
computer for solution, and answer is punched onto 
the card. 


Clutch Couplings on Gantry Crane— inde- 
pendent or simultaneous operation of two double 
drum hoists enables loads up to 25 tons to be han- 
dled at either 8 or 24 hook feet per minute, 
depending on whether 300 or 900 rpm motor 
winding is energized. Clutch couplings are actu- 
ated by pushbutton from the operator's cab, with 
each handling two drums. 


Clutches on Turret Lathe—two electric 
clutches, plus one constant-running-drive motor 
belted to a constant-speed drive sheave are all 
that is needed to stop, start, reverse, or jog turret 
lathe spindle. Forward clutch is keyed to drive 
shaft and through gearing to machine spindle. 
Reverse clutch, keyed to sleeve around drive shaft, 
drives spindle through chain and gearing. 








SUPPLY ROLL 


DRIVE ROLL 


Brake on Textile Machine—brake magnet is 
stationary-mounted to motor housing. Armature is 
mounted on drive pins to hub, which is keyed to a 
+haft driving the brush roll. Perfectly synchronized 
stopping of eight rolls is accomplished by adjust- 
ment of individual rheostats in the control panel. 
Tearing and piling of material between rolls have 
been eliminated while stopping the machine. 


Circle 169 on page 1! 


Ten Warner electric clutch couplings and one electric brake are used in the Miller Oscil- 
lograph as shown and in photo diagram above. Six SF-160 clutch couplings (A to F) are used 
in pairs in each of three sections in the transmission gear train. Section 1, using clutches A 
and B, provides a 2:1 speed reduction; section 2, using clutches C and D, provides a 4:1 
reduction; and section 3, using clutches E and F, provides a 16:1 reduction. Clutch G, coupled 
to the main drive through a gear set, controls the length of paper to be run for recording. 
Clutch H couples the main drive to rewind shaft when a high recording rate requires faster 
acceleration of take-up roll rotation than is possible with small rewind motor alone. Two clutch 
couplings (I and J) are used to couple main drive shaft and take-up shaft to their respective 
rolls. Brake K stops the supply roll and keeps it from unwinding when machine power is cut 
off by the governor. 


Beat Competitior 
ELECTRIC BRAKES 
AND CLUTCHES 


3, 


Warner Electric Brake & Clutch Co. 
Dept. tm, Beloit, Wisconsin 


Please send me copy of your new Condensed Catalog No. 6212 
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It’s one thing to take a picture of a moving 
object. But it’s quite another to get good 
clear shots of the ground from low altitude 
aircraft moving at today’s jet speeds. Uni- 
versal Camera Control System (UCCS) is 
the latest development in aerial reconnais- 
sance and photography to solve this problem. 
Designed and engineered by the Bill Jack 
Scientific Instrument Co., this novel system 
actually moves the film through the camera 
to compensate for image movement during 
the brief exposure time. 

Accuracy of the system is dependent on 
the airborne DC analog computer having 
absolute dependability and precision under 
all the environmental conditions of aircraft 
flight. Extremes of altitude, temperature and 
vibration cannot impair its effectiveness. 
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How Transicoil servos help aerial camera 


take clear stills even from low fast planes 


Transicoil servo assemblies are used exten- 
sively in the computer to convert inputs of 
altitude, ground speed, camera depression 
angle, and focal length into the correct “film 
movement” signal. 


The UCCS application is typical of the 
way Transicoil rotating components and 
complete servo assemblies are achieving high 
orders of accuracy and dependability in 
countless applications. Transicoil can solve 
your servo problems with comparable suc- 
cess. A Transicoil Sales Engineer can help 
you to get off to a good start. A letter from 
you outlining your servo problem will bring 
him to your desk. 















DM TRANSICOIL CORP. 
A Subsidiary of Daystrom, Inc. 


Worcestere Montgomery County e Pennsylvania 
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Circle 169 on page 1! City Siete 
soon... Hyfen er me consuming 
solder operations — a the high 
E rejection rate inherent with solder. 
Pins and kets are speedily crimped 
tooling — or where more convenient, by 


5. Dies control 





a uniform depth of indent 


od 


which can be inspected by depth 
Wa micrometer assuring absolute unvarying 
; reliability. Crimping may be done 


before or after harness is in place 


Hyfen meets or exceeds MIL specifications 


s&s ' 
oltage drop, dielectric strength, 
all Oma ion ic a 2 3 : a oe aoa 
retention force. It provides high corrosion 


resistance since there are no fluxes 





Crimped 


pins and = = or dissimilar metals involved. Floating 
sockets contacts in both plug and receptacle 
snap-locked ir i make for uniform mating and disconnecting 
in plug force by the alignment flexibility provided. 
or receptacle. Hyfen principle is not limited as 


ns a % to size, shape of plug and receptacle 
Individual circuit 


nor to number or size of connections. 
gang disconnect. Burndy, Norwalk, Connect.—Scarboro, Canada 





OCTOBER 1957 Circle 171 on page 17 97 





SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 
100 microamperes to 11 MA Bulletin $D-1B 


SELENIUM CONTACT PROTECTORS 


Designed to eliminate arcing and erosion 
across the contacts of relays and switches. 
A complete series in each of three basic 
types: Diode type, Cartridge type and Her- 
metically sealed type for industrial appli- 
cation. For complete data: Bulletin SR-150 


SILICON MEDIUM POWER RECTIFIERS 


Specifically engineered for industrial appli- 
cations—the most conservatively rated sili- 
con rectifiers in the industry! Rugged all- 
welded construction and hermetic sealing 
mean greater reliability—longer life. Types 
available in 3 series. Request Bulletin SR-143B. 


SELENIUM HIGH VOLTAGE CARTRIDGE RECTIFIERS 


Designed for long life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
—65°C to +100°C. Specify Bulletin H-2 


STYLE $ SILICON POWER DIODES 


A complete series of hermetically sealed 
diodes for operating in temperatures from 
—55°C to +150°C. Power supply and mag- 
netic amplifier types. PIV range: 50 to 600 v. 
For 100ma DC output request Bulletin SR-136B 
For 300ma DC output request Bulletin SR-132E 


10 AMP SILICON POWER DIODES 


Conservatively rated to provide a sub- 
stantial safety factor in industrial appli- 
cations. Hermetically sealed, all-welded 
case construction provides reliability over a 
long life. Types available in a wide volt- 
age range. Write for Bulletin SR-151 


From one source... 


SELENIUM -GRRMANIUM 


for all de needs from microwatts to megawatts 


SELENIUM TV AND RADIO RECTIFIERS 


The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 156 volts AC and up. DC 
output current 50 to 1,200 MA. Write for 
application information. Bulletin ER-178-A 


STYLE T SILICON POWER DIODES 


Stud mounted-hermetically sealed types 
for power supply and magnetic amplifier 
applications. PIV ratings from 50 to 600 
volts at 800 ma rectified DC output current. 
All welded construction. For operation at 
—55°C to +150°C. Ask for Bulletin SR-135C 


150 AMP GERMANIUM JUNCTIONS 


Designed for high velocity, forced air cool- 
ing, the finned copper heat exchanger of 
these junctions feature 56 sq. inches of 
cooling area in 5.7. cubic inches of volume. 
Voltage input ratings from 20 to 85 volts 
rms. Lug or stud terminals. Bulletin GPR-2 


For complete data on the products listed write on your letterhead to International Rectifier 


INTERNATIONA L 


REPRESENTATIVES THROUGHOUT THE WORLD 


THE WORLD’S 


LARGEST SUPPLIER OF 
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...the complete line of 
SLlIICONW RECTIFIBORS 


... the widest range in the industry ! 


© @ © 


SELENIUM INDUSTRIAL POWER RECTIFIERS 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


HIGH VOLTAGE SILICON POWER DIODES 


Two styles available. Hermetically sealed, 
pigtail construction. Style J features PIV 
ratings from 600 to 1000 volts at 125 ma. 
DC output current. Ask for Bulletin SR-138E 
Style K: PIV from 600 to 1200 volts at 100 
ma DC output current. Bulletin SR-144A 


330 AMP GERMANIUM JUNCTIONS 


Low current density germanium junctions 
of high capacity for heavy duty applications. 
Corrosion resistant, cast aluminum cooling 
fins dissipate heat at high rate. Efficiency : 
98.5. Six types. Input voltage ratings from 
20 to 66 volts rms. Request Bulletin GPR-2 


HIGH CURRENT DENSITY SELENIUM RECTIFIERS 


A complete line for natural convection cool- 
ing in industrial applications. Inverse volt- 
age ratings up to 36 volts per cell. Rect- 
ified DC output approximately twice that of 
standard selenium stacks in approximately 
50% less volume. Write for Bulletin SR-152 


SILICON RECTIFIER STACKS 


These units consist of hermetically sealed 
junction diodes mounted on copper cooling 
fins, stacked to include the interconnections 
required for specific circuits. Junction 
ratings: 1.25 amps. DC output; 70 to 350 
AC input volts rms. Request Bulletin $R-137A. 


500 AMP GERMANIUM JUNCTIONS 


Six high capacity junction types espec- 
ially suited for extra-heavy duty such as 
electrochemical installations where air 
cooling is desirable. Cast aluminum airfoil 
housings. Input voltage ratings from 20 to 
66 volts rms. Efficiency 98.5. Bulletin GPR-2 


SELENIUM PHOTOCELLS—SUN BATTERIES 


Self-generating photocells available in 
standard or custom sizes, mounted or un- 
mounted. Optimum load resistance range: 
10 to 10,000 ohms. Output from .2 MA to 
60 MA in ave. sunlight. Ambient tempera- 
ture range: —65°C to +100°C. Bulletin PC649 


SILICON CARTRIDGE RECTIFIERS 


The answer to tough miniaturization 
problems! Ratings for high temperature 
applications: from 1000 volts PIV at 100ma 
half-wave DC output to 16,000 volts PIV 
at 45ma. Hermetically sealed, metallized 
ceramic housing. Request Bulletin $R-1398 


LIQUID COOLED GERMANIUM JUNCTIONS 


Liquid cooled for maximum power in mini- 
mum space. Junction rating: 670 amps at 
26 to 66 volts rms. Housed in high-conduc- 
tivity copper cast around special steel coils. 
Water, oil or other accepted coolants may 
be used. For complete data. Bulletin GPR-2. 


Corporation or contact the International Rectifier branch office or representative nearest you. 


RECTIPFPIBOR CORP. 


INDUSTRIAL METALLIC 
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They solved a “MUSHY” machining problem 
Buffalo Meter Company... 


- 


with GHASE free-cutting brass rod! 


Production runs more smoothly now at _ cially modifying top-grade brass rod, 
the Buffalo Meter Co.—with Chase Free- came up with stock superior to any yet 
Cutting Brass Rod on the job! tried. Result: rod that stands up to tools 

Though nuts seem a simple, non-criti- better... gives sharper, cleaner threads. To 
cal item, Buffalo machinists complained quote this satisfied Chase customer: 
of “mushiness” in rod formerly used to “Definitely a noticeable improvement 
fabricate special acorn and stuffing box 0¥6" that of a competitor used on the same 


. . 2° 
nuts. Thread cutting was poor; strength job last year. 


of finished threads less than desired. Why not have a Chase trouble-shooter 
Chase studied the problem, and by spe- _ look in on your shop? 


Bring your production problems to... Chase P 


BRASS & COPPER CO. 
WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth,L.l.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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only circuit breakers 


protect continuity 


in automation 


fewer power stoppages... 
faster restarts... 


guard production levels 


circuit breaker protection is sure and accurate 


you CAN BE SURE...1F ITS MASTS 
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TIME CLOCKS DON'T 
STOP WHEN YOUR 
LINE IS “DOWN” 


by H. D. Dorfman 


Westinghouse Electric Corporation 


Automation brings many new consider- 
ations to the maintenance of electrical 
systems for production plants. A perti- 
nent example is the increasing impor- 
tance of engineered protective devices. 

A great deal more than ampere load 
supervision is required to protect elec- 
trical circuits serving automatic pro- 
duction units. Mobile assembly lines, 
interlocked with sub-assembly and com- 
ponent feeder carriers, represent a cost 
per minute that makes insuranceagainst 
stoppage very important. That is why 
those of us concerned with the produc- 
tion of circuit protective equipment 
‘harp’ on the advantages of circuit 
breakers. Two of the cost-saving fea- 
tures are: 

*Prevention of power interruption 

resulting from harmless, temporary 

current surges. 

*Speed in restoration of power after 

an interruption. 


Breakers More Accurate 


Breakers avoid false stoppages in many 
ways. One is accurate calibration. There 
is a correct breaker for each particular 
current load and environmental condi- 
tion. Exacting tests at our plant insure 
its being right before delivery. 

Where temperature variations affect 
breaker ratings, but not conductor rat- 
ings, ambient-compensated breakers 
should be specified as additional insur- 
ance against current interruptions due 
to false temperature influences. 


Breakers Increase Safety 


In speed of restoring power, breaker 
advantages are obvious. A “tripped” 
breaker is immediately identified by the 
position of its handle. A quick flip of 
that handle restarts production in sec- 
onds. If a fault persists, the breaker re- 
acts again to protect the circuit. It’s 
all done with complete safety to the 
operator. 


Fuse hunting, on the other hand, can 
be costly in accumulated man-machine- 
time. Locate the blown fuse... remove 
it... find the right replacement (still not 
as accurately calibrated as a breaker) 
... insert it... close switch. No matter 
how well organized your electrical main- 
tenance crew, time is lost. 

Unfortunately, the time clock does 
not stop ticking off the cost just because 
payload is cut off. Thus, the more com- 
plete your automation, the more impor- 
tant your need for real protection of its 
continuity with circuit breakers. J-30274 
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Designers 
Packaged, easy-to-install Speed Variators give 
machines you build wide-range adjustable speed 


On milling machines, lathes, boring 
mills, and other machine tools, you can 
build in improved production conti- 
nuity and greater versatility of product 
output with a General Electric pack- 
aged Speed Variator. This system- 
engineered adjustable-speed drive pro- 
vides closely controlled speeds and a 
wide range of speed adjustment. 


Pre-engineered, assembled, packaged 
and tested to your specifications before 
it leaves the factory, this G-E drive 
features easy, low-cost installation. 
Just set the components in place—d-c 
drive motor, space-saving power unit, 
and operator’s control—and connect the 
load. Power unit and control can be 
located wherever convenient. 
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A wide selection of available ratings 
and speed ranges in the basic unit 
meets most adjustable-speed needs. To 
match your particular needs still more 
closely, other features can be added, 
including dynamic braking, jogging, re- 
versing, and regulation (amplistat, 
electronic, or amplidyne). See Bulletin 
GEA-6127. 


<4CONSTANT CUTTING SPEED is provided by 
this General Electric Speed Variator, driv- 
ing lathe for machining jet turbine wheels. 


New small-diameter tachometer generators measure and regulate motor speeds 


In speed-regulated drive schemes such 
as those used for automated process 
machinery, speeds from 100 to 5000 
rpm can be accurately measured with 
General Electric’s new d-c tachometer 
generators, used with suitable instru- 
mentation. These lightweight (less than 
61% Ibs) units supply a signal source 
needed to maintain speed regulation. 
Also available are a-c tachometer 
generators weighing less than 4 Ibs. 
These units, of 4-pole construction, 
serve speed ranges from 400 to 5000 
rpm. 
Both units are less than 31% in. in 
diameter and totally enclosed. See 
D-c tachometer generator A-c tachometer generator Bulletin GEC-1405. 
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Digests 


General Electric numerical positioning control systems 
productivity and 


increase machine-tool 


With General Electric numerical posi- 
tioning control designed into the ma- 
chine tools you build, your customer 
can: 


Raise machine productivity by eliminat- 
ing time-consuming making and setting 
of templates, allowing more time for 
productive work; 


Raise machine accuracy because NPC 
can maintain accuracies up to +.0005 
in. automatically, without operator 
judgement; 


Reduce spoilage because NPC auto- 
matically directs the machine and 
removes the factor of human error; 


Raise machine speed since NPC can be 
programmed to utilize optimum ma- 
chine horsepower feeds and speeds pre- 
chosen by engineer. 


Easily apply it, where point to point 
positioning is required, to turret-type 
punch presses, step turning lathes, 
shears, riveting, placement, milling, 
boring, and drilling machines. 


New coolant-pump motor 
has long bearing life 


For long bearing life, this new General 
Electric fractional-hp motor has large 
grease reservoirs that hold a supply of 
a new, moisture-resistant grease that 
lasts for 10 years of normal motor 
operation. Specially designed for ma- 
chine-tool coolant pumps, the motor is 
totally enclosed to minimize the danger 
of damage from entrance of metal and 
dirt particles, provide operating de- 
pendability. Unified insulation system 
permits extra-long motor life. Mounting 
can be either horizontal or vertical, 
direct-coupled to your pump. Ratings 
are 14 to 34 hp. See Bulletin GEA-6582. 
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PRODUCT 
HIGHLIGHTS 


cut waste 


FIRST USE OF PRE-PUNCHED TAPE in G-E numerical positioning control is on this resistance 
welding machine made by National Electric Welding Machines Co. It makes 1650 spot 
welds on automatically positioned liner of jet engine afterburner for General Electric’s 
Small Aircraft Engine Department. Metal cabinet (r.) houses positioning control. 


With this method for automatic pro- 
gramming of machine cycles, the 
operator merely pushes start button 
and machine automatically runs 


Machine-tool load indicator 


A continuous visual check on all a-c 
motors—in any horsepower, voltage or 
commercial frequency—is provided by 
General Electric load indicators. Stan- 
dardizing on one indicating instrument 
in your machine-tool designs gives you 
availability, stocking and price benefits. 


Easy-to-read color scale shows safe, 
caution and danger zones. Indicator is 
calibrated in per cent of motor full 
load current; no need to know actual 
current. Wide variety of sizes includes 
414-in. type with 3-in. scale (shown) 
34-in. type with 2-in. scale, and con- 
centric-scale types in 414-in. and 83,- 
in. sizes. See Bulletin GEC-368. 


| 


Please send me the following bulletins: 
Vv for reference purposes 


GEA-6127 Packaged speed variator 
GEA-6594 Numerical positioning control 
GEC-368 Panel Instruments 
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through sequence of operations re- 
quired. Speed, accuracy, and length of 
motion can be individually selected for 
each application. See Bulletin GEA-6594. 


applies to any a-c motor 


Pefcent FULL LOAD CURRENT 
#4 Ss tecere 


General Electric Co., Apparatus Sales Division, Section D568-135, Schenectady 5, N. Y. 


X for immediate project 
GEA-6582 Coolant pump motor 


GEC-1405 Tachometer Generators 


Company 





Today more than yesterday...tomorrow more than today 


A dependable source of stable voltage 


Today more than yesterday—and 
tomorrow more than today—circuit 
reliability and simplification is a 


STANDARD-TYPE DESIGN for the 250- 
1000 va ratings range of Sola Constant Volt- 
age Transformers shows compactness and 
simplicity of this static-magnetic regulator. 


vital responsibility of the electronic 
and electrical design engineer. 
Where the problem is voltage con- 
trol, utmost simplicity and reliability 
is provided by the Sola Constant 
Voltage Transformer. 


Along with its simplicity, the 
static-magnetic Sola regulator offers 
many important advantages over 
other voltage stabilizers, some of 
which depend upon saturation of 
core materials for their regulating 
action; or other types employing 
tubes. The performance characteris- 
tics of Sola Constant Voltage Trans- 
formers have led to their widespread 
use in applications for which other 
types of regulators are unsatisfac- 
tory. Included are: 


1. Completely automatic, continu- 
ous regulation of output within 
+1°% with primary voltage vari- 
ations as great as +15%. 


Response time of 1.5 cycles or 
less. 

No moving or expendable parts 
or manual adjustments. 
Self-protecting against short 
circuits or heavy overloads on 
output or load circuit. 

Current -limiting characteristic 
protects load equipment from 
excessive fault currents. 
Availability of transformation 
ratio for step-up, step down, 
plate and/or filament supply 
permits substitution in place of 
conventional non -regulating 
transformers. 

Provides isolation between input 
and output circuits, often elim- 
inating the need for “static 
shields.” 

Relatively compact compared to 
other equipment for comparable 
ac voltage regulation. 


The basic-design Sola regulator— 
referred to as the Standard-Type 
Constant Voltage Transformer — is 
available from stock in capacities 
from 15 va to 10 kva in a variety of 
ratings. Many of these standard 
models can also be supplied for 25 


SPECIAL DESIGN above exemplifies 
adaptability of the basic Sola Constant 
Voltage Principle to special electrical or 
mechanical needs. This unit, rated at 9 kva 
— either single, or three-phase — delivers 
+1% voltage regulation with negligible 
harmonic distortion. 


SOLA 


| 





and 50 cycle service, or with other 
input and output voltages, on a 
“‘build-to-order”’ basis. 


Special adaptations of the basic 
design have resulted in six addition- 
al types of Sola regulators that meet 
a variety of voltage stabilization 
problems. Included are types that 
provide low harmonics in the out- 
put wave, regulation of electronic 
plate and filament voltage supplies, 
and lower-cost regulation for house- 
hold appliance service. 


in 


LATEST ADDITION are these filament- 
voltage regulators in capacities up to 25a at 
6.3v. Capacitor, at right, is wired separately 
from transformer for most compact mount- 
ing of the assembly as component in manu- 
facturers’ product. 


Your letterhead request for “The 
Sola Constant Voltage Transformer 

Theory of Design and Operation” 
will bring answers to your technical 
questions about the operation of the 
Sola regulator. This monograph in- 
cludes a discussion of special adap- 
tations of the basic-design voltage 
regulator. Specific information about 
transformer availabilities for your 
particular “component” or “end 
use” applications may be obtained 
promptly from your nearest district 
sales engineer. He’s listed below. 


Constant bollange 


TRANSFORMERS 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS © CONSTANT VOLTAGE DC POWER SUPPLIES 

SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © BRANCH OFFICES: Boston, Mass.; Cleveland, Ohio; Kansas City, 

Mo.; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; San Francisco, Calif.; Wallingford, Conn. ® Representatives in Other Principal Cities 
Sola Electric (Canada) Ltd., Toronto 17, Ontario: 102 Laird Drive, Mayfair 4554 
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hoover locks lube in. dirt out 
for the lifetime of the bearing 


OCTOBE! 


with contact 
seals of ‘ 


saad Leal 


DOE D 


OTHER HOOVER 
QUALITY BALL BEARINGS: 


Hoover is first to seal ball bearings with TEFLON! Hoover ; : ; 
(light, medium, heavy series) 


makes sure that lube stays in, dirt stays away from the 
smooth, mirror-like working surfaces of high quality Micro- Single and Double Shield 
_— anne — and — Honed Raceways. You get Single Row Radial 
sreatly extended bearing life. te : 
, Why TEFLON for ae TEFLON is the remarkable new Combination Felt Seal and Shield 
product of chemistry . . . extra tough . . . extra long wearing Double Row 
and so slippery that there is practically no torque Cartridge 
resistance. Hoover seals are ingeniously engineered to main- 
tain positive contact and improve lube circulation. Perman- NEW! BULLETIN 
ently attached full metal shields lock the seals within the See 
bearing, safe from damage. Neover- Beurieas 
Use Hoover Ball Bearings with single or double seals of with Seals of TEF- 
TEFLON for high speed applications, electric motors, or where- LON. To get your 
ever periodic lubrication or maintenance is not practical, aie 
as in sealed units. They are available in both light and 
medium series. Hoover Ball and Bearing Company 


s Ann Arbor, Michigan 
*TEFLON is DuPont’s Trademark for its Fluorocarbon Resins. 


. PI i i 
Micro-Velvet and Hoover Honed are Hoover Trademarks cece eee ae rsa gg im 


hoower = 


BALL AND BEARING COMPANY Address 


ANN ARBOR, MICHIGAN 
SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIFORNIA 





City 
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The advantages of aluminum 
in the electromagnetic coil 


Extensive tests by leading manufacturers indicate 4 major reasons for conversion 
from copper wire to aluminum interleaved strip windings — in motors, 
generators, transformers and similar applications. 


1. EFFICIENT SPACE UTILIZATION 


Conductor 


Layer insulation 


Magnet Wire insulation 


Core insulation 





S@eeeeoeoooeo 
eeaeeaeees: 





CONVENTIONAL INSULATED COPPER WIRE COIL 
Overall space factor — approximately 70 to 85% 


In aluminum strip wound coils, unlike copper wire 
coils, the number of turns equals the number of lay- 
ers, and the layer-to-layer and turn-to-turn voltages 
are the same. Thus, with the high layer to layer volt- 
age of copper wire greatly reduced, bulky insulating 
materials are no longer needed. 


In addition, by the very nature of their convolute 
windings, aluminum coils virtually eliminate air 
voids—often utilizing up to 97% of available space. 


2. SUPERIOR PERFORMANCE 


It has been proved that the heat transter character- 
istics of aluminum strip wound coils are measurably 
superior to those of copper wire. 

With aluminum, for example, coils generally op- 
erate at temperatures averaging about 20°F. cooler 
than those wound with copper wire. 


Hot spots, moreover, are virtually eliminated. Rib- 
bon wound coils, devised to replace wire wound coils, 


Conductor 


Interleaved insulation 


Core insulation 





ALUMINUM INTERLEAVED STRIP CONDUCTOR COIL 
Overall space factor — up to 97% 


Copper coils, on the other hand, have a space fac- 
tor of only about 70% to 85%, depending whether 
layer insulation is or is not required. 


Therefore, despite the fact that they require 60% 
more conductor in volume, aluminum coils can nor- 
mally be wound in a space equivalent to that of 
copper. In fact, often less— because aluminum does 
away with the need for space-filling cooling ducts, 
strengthening members and the like. 


have reduced temperatures as much as 100°F. in hot 
spot areas. Where excessive loadings destroyed cop- 
per wire coils, aluminum coils have operated without 
damage and were satisfactory for further duty. 


Thus, with less increase in resistivity due to heat 
rise, less aluminum conductor than the standard 1.6 


area-ratio to copper is required—and space efficiency 
is further increased. 
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3. LOWER COSTS 
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Because the base price for aluminum is substantially 
less than copper—and because less than half the 
weight of aluminum is required to produce equal 
conductivity —considerable savings can be effected 
through conversion to aluminum ribbon coil con- 
ductor. 


In fact, economies up to 40% are often realized 
over copper, even after allowing for the cost of inter- 
leaving insulation. This becomes especially impor- 
tant when compared with wire gauges of #24 or 
heavier. 


Additional savings through the use of aluminum 
strip windings can be made for the following reasons: 


4. ABUNDANT SUPPLY 


Long range estimates indicate that aluminum’s ready 
availability will far outlast that of copper. In keeping 
with this, Kaiser Aluminum (the nation’s most rap- 
idly expanding major producer of aluminum) has 
recently augmented its Permanente, California fa- 
cilities by opening a huge new foil plant at Ravens- 


1. Where weight is of major importance (as in the avia- 
tion industry) aluminum’s 50% weight reduction often 
means money saved. 


2. 100% of the conductor material can be utilized. 
3. Insulation materials* are simpler and less costly. 


4. Newly developed joining techniques** are more effec- 
tive and economical. 


5. It is now possible to incorporate a condenser right 
into the coil itself. 


6. Aluminum’s simplified winding techniques (where, for 
example, one roll each of conductor and insulator—plus 
slitters—could replace 15 pay-off rolls of copper wire) 


lead to lower expenses for equipment, floor space, labor 
and inventory. 


*Insulating Materials 


There are 2 basic types of interleaving insulating ma- 
terials, available from various sources in high quality: 


DIELECTRIC PAPER. In gauges from .00025” to .003”. 
For applications that involve dielectric strength of no 
more than 450 volts. 

POLYESTER FILM (MYLAR®). In gauges from .00025” to 
.0075”. For uses where dielectric strength reaches up 
to 4500 volts per mil at ambient temperatures. Also 
effectively resists abrasion and chemical attack. 


** Joining Techniques 


Primarily pressure welding at room temperature—plus 
shielded inert arc welding, high temperature soldering 
and mechanical joints. 


wood, West Virginia, with operations fully integrated 
from reduction facilities to rolling mill. 

Foil in all gauges in widths from 3%” and up is 
available to meet all your requirements. 

Thus, with no shortages in sight, aluminum’s fa- 
vorable price factor becomes even more significant. 


SAMPLE COILS AVAILABLE 


Although Kaiser Aluminum does make aluminum 
ribbon conductor, we do not manufacture electro- 
magnetic coils or insulating material. 


To assist coil manufacturers and users, Kaiser Alu- 
minum maintains a special technical staff that upon 
request will gladly prepare an experimental coil to 
order for testing purposes. 


When writing, please submit full information— 


KAISER 


including specific coil volume per month or year, 
necessary prints which apply to the specific coil, 
space considerations, minimum or maximum cur- 
rents it must produce, normal rated voltage the coil 
must withstand and any special atmospheric condi- 
tions to which it may be subjected. 

The Kaiser Aluminum & Chemical Corp., Machin- 


ery and Equipment Sales Dept. Palmolive Bldg. 
Chicago 11, Illinois. 


Aluminum 
Ss 


THE BRIGHT STAR OF METALS 
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Generator brushes wearing rapidly ? 


Call your ‘TIONAL brush man... 
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Here’s how he 
helped one steel mill increase brush life 400% 


Six-month brush life was the most this wear was reduced immediately. N-4 brushes are averag- 

eastern steel mill could coax out of its ing two years’ service on this generator — a 400% 

1500 kw generator. The result, reports improvement. 

“National” Carbon Brush Man, Floyd Floyd Anderson and his fellow “National” Carbon 
| _ Anderson, was frequent down time plus Brush Men have been solving industrial brush problems 
FLOYD ANDERSON SOMe mighty expensive extras. for years. Their experience and training — backed by 

Rapid wear, film stripping, threading and grooving “National” long term brushdevelopment—make them the 
resulted in frequent stoning and excessive maintenance logical consultants on any industrial brush application. 
cost. Call them today or write National Carbon Company, 

Floyd analyzed the generator’s work load and recom- Division of Union Carbide Corporation, 30 East 42nd 
mended “National” carbon brushes, grade N-4. Brush Street, New York 17, N. Y. 


The terms “National”, "'N'’ and Shield Device, and "'Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY: Division of Union Carbide Corporation+ 30 East 42nd Street, New York 17, N.Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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Ea f Medium-Current 
Silicon Rectifier 


In low-current applications: 


BETTER PERFORMANCE AT EQUAL COST! 


In high-current applications: 


EQUAL PERFORMANCE AT LOWER COST! 


This new stud-mounted silicon rectifier has been conservatively 
rated, as are all General Electric rectifiers. Yet in applications 
where you would normaily apply a low-current (2 to 10 amperes ) 
rectifier, the new Series 1N1301 will give you superior electrical 
characteristics at a comparable price. It is interchangeable with 
most lower rated units. 


In applications where you would apply a high current rectifier 
(up to 20 amperes) the new Series 1N1301 will give you equal 
performance at less cost. 


The most compact size available 


Series 1N1301 gives you the maximum power possible per cubic 
inch of space. It is available in a range of voltage ratings, and 
JETEC TYPES meets rigid military specifications. 
1N1301 ; ; 
1N1302 For complete technical data on Series 1N1301 
1N1304 line of G-] 
1 Beit.) 


and on the full 

high and low current silicon rectifiers. consult yout 

General Electric representative. Or write. General Electric Com- 
. ° . —_ . 

pany, Semiconductor Products Dept.. Section S20107, Electronics 


Park. Syracuse. New York. 
MAXIMUM ALLOWABLE STUD TEMPERA— 


TURE AS A FUNCTION OF FORWARD 


CURRENT 1N1301 SERIES RECTIFIER Check these conservatively rated features 


Operating voltage 1N1301 50 PIV 
IN1302 100 
IN1304 200 
IN1306 300 
Operating current up to 20 amperes 
Operating temperature up to 200°C 
Peak one cycle surge 
current 300 amperes 
"ee — 0.5 volts Ne, HEX 


full cycle average —10 amps 








200°C junction temperature 





/4-28 STUD 





MAXIMUM ALLOWABLE 
STUD TEMPERATURE - 
DEGREES CENTIGRADE 


Maximum leakage current 5 ma 
full-cycle average, 200°C 
AVERAGE FORWARD CURRENT-AMPERES junction temperature 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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spovED' | ACADIA 


Silicone Oven-Door Seal 


o 


Here, finally, is a compound having the properties 
essential for an effective oven-door seal. This 
silicone material, known as COMPOUND 
85072BQ, has been laboratory tested and kitchen 
used to prevent vapor stains around oven and 

—— — a broiler doors and to reduce high surface tempera- 

Z HHONOHOODH000 UN tures. It is non-toxic, has good tear resistance, 

repels grease and fats, has low compression set 

and withstands oven temperatures of up to 

% Does Away with Un- Keeps Her Kitchen & 600° F. It can be extruded in color. Yes, here is 

sightly Vapor Stains; Cooler; = a big, selling “plus” for any range. Customers 

5: = quickly see its value and, quite often, IT BE- 

m Reds Sree Ton, 4 Eninces Oven Door} COMES THE DECIDING FACTOR IN 
hee ; = THEIR SELECTION. 


% Gives Her Better Broil- 


% Retains Heat and ing, Roasting and For Complete Engineering Information and Prices, Write 
Moisture In The Oven; Baking Results; 


=> ACADIA . 
Also suitable = Y 
for clothes dryers S or PRODUCTS 


and other appliances. 


: Research Establishes 
THE HOUSEWIFE WILL BUY THE RANGE THAT... 


DIVISION OF WESTERN FELT WORKS 
4021-4139 West Ogden Avenue, Chicago 23, Illinois 
Branch Offices in Principal Cities 

MANUFACTURERS AND CUTTERS OF WOOL FELT 
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10 chipping - no rusting 
n0 Pitting — no peeling 


with ever-bright brightwork of 


oper Of stainless steel 


no work-no wor ly 


Let it rain, mist or dew 

. . . for the lifetime of 

the car, stainless steel brightwork never 

needs care. Exposure to the elements can’t 

harm it. You don’t lift a finger or pay a penny to keep 
the showroom shine of stainless. @ Strong, hard, ever- 
bright stainless steel will serve you best on your new 
car, and protect top value when you sell. And the chances 
are, it'll be SUPERIOR. 


Superior Steel 
CORPORATION 


CARNEGIE, PENNSYLVANIA 





Designed for you...the motor buyer... 
an entirely new motor shaft, that 
assures longer life, more dependable 
motor power for your laundry 


equipment product. 


This new 5%” shaft reduces bearing 
wear...provides rapid heat 
dissipation ... greater load-carrying 
capacity... lower average noise 
level...reduced end play, and prac- 


tically stops end-play “growth”. 


Just another reason to always 
specify Emerson-Electric Custom- 
Engineered motors! WRITE 
TODAY for complete details... 
Dept. M-78 

The Emerson Electric Mfg. Co., 
St. Louis 21, Mo. 


Shaft (left) is now being replaced 
by new-design 5%” shaft (right) 

in all Emerson-Electric Motors 
for laundry equipment. 


EMERSON-ELECTRIC ((je] of st. Louis 


eeereererereeeeeeeeeeeeeeee ee 


LIVE BETTER ELECTRICALLY since 1890 
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For Thermostat Metal parts that 


eye ae) 
compensate 
Pe 1 


Ue 


be sure... get 


Here’s Why: 


Today hundreds of manufacturers  e Truflex parts and assemblies are engineered to your 
depend on General Plate for specifications, ready for installation. 


thousands of thermostat metal parts Every piece — in lots of 10 or 10,000 — is a duplicate of 
the original . . . eliminating rejects and costly assembly 


at satisfy i s involvi : 
that satisfy requirements involving adjustments. 


hermal deflection, electrical ; : ; 

SOSEERDS COPENCTEON,. CnenE Te Production problems, special equipment, and prolonged 
experimental work are all eliminated when you use 
Truflex parts. 


resistance, and corrosion resistance. 


If you prefer to make your own parts, Truflex Thermostat 
Metals are available in extra long coils or flat strips 
manufactured to your exact specifications. 


kei METALS a CONTROLS ; CORPORATION 


Send us a drawing of your thermostat metal General Plate Division 
parts and let us show what Truflex Thermostat 


1910 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK, CHICAGO, DETROIT. MILWAUKEE, LOS ANGELES 
Metal can do for you. 
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Another Famous Name 


Joins the growing list 

of heating equipment 

manufacturers who 
depend on 


KLIXON S77“o7ty CONTROLS 


Sterlairco, Inc., of Westfield, 
Massachusetts, is an old cus- 
tomer among the list of leading 
manufacturers of heating 
equipment who have incorpo- 
rated KLIXON Snap-Acting 
Controls in their equipment. 


There are many reasons why 
so many designers of heating 
equipment specify and use 
Klixon Controls: 


Here’s what C. E. Scott, Vice President of Sterlairco, Inc., 
has to say about the application of Klixon Controls in 
USAIRCO gas fired unit heaters: 

“The application of a high limit control on gas fired unit heaters 
demands complete dependability of operation and we have 
found that the Klixon Control has continually met our demands 
of performance.” 

And here’s what other heating equipment manufacturers 
have to say about Klixon Controls: 


AUTOMATIC GAS EQUIPMENT CO., Pittsburgh, Pa. 
“We have been using KLIXON Controls for over 15 years and 
have found them to be very durable and dependable.”’ 


MORRISON STEEL PRODUCTS, INC., Buffalo, N. Y. 
“‘We have used thousands of KLIXON Controls on our heating 
equipment for over 10 years and have found... them .. . thor- 
oughly dependable and they reduce proble ms to -a practical 
minimum. 


YORK-SHIPLEY, INC., York, Pa. 
“We insist on KLIXON Controls in our house heating boilers 
because we find they accurately control unit operation.” 
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. Applications can be worked out in the laboratory for 
optimum performance. 

. This laboratory performance is assured in the field 
because the unit can be shipped and installed as a 
package. 

. There are no adjustments for people to tamper with 
in the field. 

. Millions of Klixon Thermo-Snap Controls are in daily 
use in thousands of different industrial and military 
applications. 


CARRIER CORPORATION 

“We have used KLIXON Controls on our units for six years 
and have always found them to be dependable, service free and 
in accordance with specifications.” 


Klixon Controls are available in many hermetically sealed 
and open types in a wide variety of operating temperature 
ranges. Klixon engineers, specialists in temperature control 
applications, can help you work out your specific application 
details. Write for their help or for complete details. 

Typical KLIXON Snap-Acting Thermostats used in many 
applications, including examples of the new 202 series for 
home appliances. 
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Engineering Employment 


“THE CONGRESS SHALL HAVE POWER... To 
promote the progress of science and the useful 
arts by securing for limited times to authors 
and inventors the exclusive rights to their 
respective writings and discoveries.” —Article 
1, Section 8, Constitution of the United States 
of America. 

The concept of that part of our constitution 
quoted above seems surely to lie in recogni- 
tion of the rights of the individual. This we 
believe is as it should be, for an invention is 
a personal thing. A product of a man’s life 
experience. And in every country laying claim 
to an advanced state of civilization some patent 
granting system has been established. 

The present status of the average inventor 
is considerably different from what it was 
when our American system was instituted in 
1836. He is employed by a corporation, and 
his participation in the benefits from a patent 
grant are defined by the agreement he must 
make with his employer. The industrial or- 
ganization which engineer-inventors have 
helped to build has absorbed the property 
right value of the grant. The human rights 
value of our patent system has taken a 
secondary position. This is perhaps unavoid- 
able since corporations obviously have som 
equity in patent development on the basis of 
supplying laboratory facilities and paying en- 
vineering salaries. 

However, the situation is not without hope. 
as is evident in the recent trend toward more 
constructive rather than restrictive employ- 
ment agreements instituted by a few far- 
sighted corporations. For example, according 
to a recently announced employment agree- 
ment at Lear, Inc., any Lear employee 
who either alone or in collaboration with 
other employees submits a new idea or com- 
bination of ideas that produces a desirable 
and novel result may benefit from a Patent 
Ircentive Plan whereby the inventor—em- 


Patent Agreements 


ployees may receive cash payments ranging 
from twenty-five dollars to more than twenty 
thousand dollars on each of their inventions. 
This new corporate-wide plan which has been 
effective since May 1, 1957 is intended to 
accelerate the company’s patent program and 
to advance the science of aeronautics. 

Although the invention need not be direct- 
ly applicable to Lear production, the com- 
pany stipulates that it must be one required 
to be automatically assigned to the firm 
within the terms of the employment agree- 
ment. The employee receives $25 when the 
company files a patent application and an 
additional $50 when the patent is issued. In 
the event that the firm licenses the patent to 
another company, the inventor, subject to 
certain limitations set forth in the plan. re- 
ceives 10 per cent of the net cash royalties 
received by the company until he has received 
an aggregate of $5000; thereafter 5 per cent 
until he has received an additional $5000: 
and thereafter 21% per cent until he has 
received an additional $10,000. After having 
received $20,000 in royalties under this gradu- 
ated payment plan, the percentage is reduced 
to 14% per cent on subsequent royalties ac- 
cruing from a single patent. The higher per- 
centage however may be drawn on several 
patents simultaneously. 

Employees ordinarily remain eligible for 
benefits of the plan not withstanding termina- 
tion of their employment, and Lear is actively 
increasing the extent to which its inventions 
are licensed in non-competitive fields. 

It would appear that such an agreement 
indicates recognition of the spirit and intent 
of the Congress. It demonstrates the realiza- 
tion that it is only sensible and profitable to 
encourage individual initiative for this is a 
vital factor in the new technological compe- 
tition facing industry. Others would do well 
to follow this example. Hats off to Lear, Inc. 


{ssociate Editor 


115 





The Cincinnati numerical control system was designed to supersede the automatic tracer con- 


trol (left background) of multi-axis contouring 
type skin miller for aircraft wing sections, by 


and profiling machines, such as this gantry- 
substituting easily computed punched-card 


programs for the costly master templates conventionally required. 


Stepless Switching Interpolates 
Punched-Card Position Data 
as Continuous Tool-Path Analog 


An ELecrricaAL MANUFACTURING Staff Report 


Precision-wound toroidal —_autotrans- 
formers. induction potentiometers and 
rotary switches are the major components 
of Cincinnati Milling Machine Com- 
pany 's essentially non-electronic approach 
to numerical control of dynamic con- 
touring and profiling machines. 
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NINE YEARS AGO numerical control of machine tools was 
a development project in the MIT Servomechanisms 
Laboratory. In early 1955 only one machine tool builder 
was prepared to guarantee numerically controlled 
machines. Today there are an estimated 350 companies 
actively engaged in developing numerical controls and 
associated data processing equipment, employing some 
1000 engineers and technicians to design, build or im- 
prove these systems. (1)* During the past year and a 
half the Air Materiel Command has underwritten a large 
part of this development and orders have been placed, 


* Italic numerals in parentheses refer to Cited References at end of this article. 
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Card 
reader 


To 
additional 
axes 


Transfer 
circuit 


Relay 
stores 


Tronsfer 
circuit 


originally for 35, now for a total of 105 numerically 
controlled skin, profile or contour milling machines—not 
including point-to-point systems for jig borers, spot 
welders, etc. (2) As to be expected in a revolution of such 
magnitude, the results have been many and varied. 

Particularly in the development of numerical controls 
for dynamic contouring and profiling have widely diver- 
gent approaches been tried. Here the primary problem 
is translating point-to-point dimensional data taken from 
engineering drawings into continuously and simultane- 
ously varying tool paths for anywhere from two to five 
different machine axes. Sidestepping such argument- 
in-detail as whether the input data should be punched 
cards, punched tape, magnetic tape—and, if so, what size, 
how many holes or channels, etc.—the more fundamental 
areas of divergence have been, and still are: What func- 
tions should be performed where? 

In translating digital dimensional data into an analog 
of the desired contour or profile, the question is which 
functions are programming functions to be performed 
external to the machine control and which are control 
functions to be performed in the control proper. Stated 
another way, at what point and in what form should the 
processed data be converted to machine instructions 
encoded on cards or tape? A pre-interpolated analog of 
the desired tool bath, or digital “guide points” for 
machine interpolation? 

Another vital system design parameter concerns the 
assumed technical competency of the programming per- 
sonnel which in turn determines how much of the pro- 
gramming must be calculated by a computer and how 
much can be done directly by the programming personnel 
based on their experience with optimum feed rates, cutter 
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X6 
interpolator 


Output 








To Y-axis 


Simplified block diagram of a single-axis control. 


sizes, offset, etc. Also should an ordinary calculating 
machine, a general purpose computer or a special pur- 
pose computer be used? And what degree of over-riding 
manual control or provision for manual compensation 
should be included in the machine control? 

All of these factors have an important effect on both 
the cost and flexibility of any given system, not to men- 
tion—from a user’s point of view—the compatibility of 
different machine control systems to a_ still-hoped-for 
universal programming system. 

Further complicating the picture, to date no one 
manufacturer has designed and built a complete numeri- 
cal control system including the programming equipment, 
machine control and the machine proper. Instead each 
of these have for the most part been designed and built 
by different groups with the overall system design coming 
from a control or computer equipment manufacturer. 

The numerical control system developed by the Cin- 
cinnati Milling Machine Co. is unique in several respects: 

l. It is the first multi-axis control system to be de- 

veloped by a machine tool manufacturer for use 
with its own equipment. 


nN 


It can be programmed by almost any kind of gen- 

eral purpose computer—in fact with sufficiently 

skilled programming personnel an ordinary cal- 

culator and a manually operated card punch machine 

are all that is required for generating the tool path 

instructions for all but the most complex shapes. 

3. Except for the servo amplifiers, the circuit is essen- 
tially non-electronic. 

1. A resolution of 1 part in 100.000 is achieved with 
analog circuitry. 

General System. The Cincinnati system, based on 
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Part drawing 
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SAMPLE PROGRAMMING SHEET 


End point of section Informational Radius | Cutter 


tolerance inches | radius 


inches 


01.000 5.000 
01, 000 5.000 

56 5.000 

| 

101.000 07.128 5.000 

1.000 01.500 5.000 


00 01.000 5.000 








Finished part 
outline 


Centerline 
of cutter 


Reference "Y" oxis 





Interpolator 


Spee 





5.000 





.000 


. 000 





». 000 





». 000 








». 000 





. 000 } ‘ 7.12 5.000 





. 000 








Note: “Indicates straight-line interpolated span. No midpoint required. 


Two-step programming procedure for deter- 
mining definitive points of tool path from 
part drawing. 
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development work of EMI Engineering Development, Ltd. 
of England, can be roughly described as an “absolute volt- 
age ratio” analog system. Digital input data is literally 
transformed to a-c analog voltages representative of de- 
sired tool slide positions with respect to their base or 
reference points. Feedback voltages are likewise a-c analog 
voltages of actual slide position. 

Figure 1 shows a simplified block diagram for a single- 
axis control. Auxiliary functions such as feed and spindle 
speeds, cutter coolant control, interpolator speed, etc. 
have been omitted. Only the positional control functions 
are shown. 

Input data consists of point locations which are then 
transformed to analog voltages. An interpolator unit gen- 
erates a continuously variable voltage signal linking 
the individual points. Interpolator output is fed through 
servo amplifier to an electrohydraulic servo valve con- 
trolling hydraulic ram or motor on the machine slide. The 
servo loop is completed by feedback signals from a 
hydraulic-motor-operated synchro. 

The basic system is designed for a precision of 0.001 
in. over a travel of 100 in. Additional fine-coarse circuitry 
permits the same precision to be extended over a range 
of 800 in. or more. 

Punched cards were chosen for the input medium to 
permit easy modification of the machining cycle, or 
adding further machining operations, without making up 
an entire new set of cards. 

Programming and Computing. In order to achieve 
simplicity in the machine control proper and at the same 
time keep the necessary data processing equipment to a 
minimum, the programming method developed requires 
skilled programming personal well versed in both trig- 
onometry and shop practice. The method itself breaks 
down into two major areas: 

1. Converting dimensional information to Cartesian 

coordinate data. 

2. Setting up auxiliary machine instructions to control 

spindle speeds, feed rates, etc. 

The technique of handling dimensional data is dictated 
by the interpolator unit in the machine control, to be 
discussed later. Basically the technique consists of divid- 
ing the part outline in any given place into straight line 
and curved sections. Straight lines are defined by their 
endpoint coordinates. Curved sections are further sub- 
divided into sections approximating a parabola. The 
parabolic sections are defined by the coordinates of their 
midpoints in addition to those of their endpoints 

Each section, or “span” is entered on a separate card. 
The endpoint of one span ‘is used as the starting point 
of the next. The interpolator in the machine control 
proper will generate a continuous path—either straight 
line or parabolic—between the established points. The 
range of a span can vary from 14 to 30 in. (Spans greater 
than 30 in can be obtained with extended range circuitry, 
to be discussed later.) 

For simple contours, such as shown in Fig. 2, a desk 
calculator can be used to compute point coordinates. For 
more complex shapes practically any general purpose 
computer can be used. 

Programming auxiliary machine functions requires 
familiarity with shop practices. The actual feed rate 
of cutting tool depends on the interpolator speed setting 
and the length of the span being interpolated. All other 
commands are specified directly. 
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Digital-analog circuit. Stepping relays connect taps of master toroidal autotrans- 


former to cascaded step-down transformers. 


Digital-to-Analog Conversion. Program data is 
entered on punched cards using a coded decimal system. 
(3) As each position is “read” by the card reader in 
the machine control, the coordinates are stepped off on 
rotary tap switches in the memory units, or relay stores. 
There are five memory units for each controlled axis. 
Each memory unit contains five or six stepping switches. 


with the tap setting of each switch representing a decimal 
digit. 


taps of a precision voltage divider to the windings of 
cascaded toroidal step-down transformers. The circuit 
output is a voltage analog of the input data. The burden 
of precision is placed on the voltage divider—a toroidal 
autotransformer wound of high-nickel-alloy tape such as 
Permalloy or Supermalloy, Fig. 4. With the circuit ar- 







As shown in Fig. 3, the rotary switches connect the 





Memory unit in- 
cluding _ digital- 
analog circuitry of Fig. 3. 


Tapped master toroid. 
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ranged to minimize loading affects, the master toroids 
have a practical ratio of magnetizing to leakage induct- 
ance of greater than 100,000—thus maintaining the re- 
quired resolution of 1 part in 100,000. The complete 
memory unit is shown in Fig. 5. 

Interpolation. Each memory unit establishes one 
coordinate point. Three of the five units for each axis 
are used together to define a parabolic span for the 
interpolator. While interpolation is taking place between 
three points, the other two memory units are being fed 
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between 


adjacent 


Primary 


studs 














data to establish the next span. (Note in Fig. 1 that one 
memory unit is common to two spans—defining the end- 
point of one and the starting point of the next). The 
memory units are recycled to provide a steady supply of 
data to the interpolator. 

The interpolator for each axis is a two-stage unit 
that consists of additional toroidal transformers, a rotary 
switch and an induction potentiometer. The first stage 
uses transformer circuitry to further subdivide each span 
into small incremental steps between which stepless 
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switching techniques can be used in the second stage to 
generate a smooth, continuously variable voltage analog 
of the desired tool path. 

The highly simplified circuit of Fig. 6 shows how the 
intermediate voltages are obtained for either straight 
line or parabolic spans. Transformer 7; is a linearly 
tapped toroidal autotransformer. Transformer 7'2 is a 
multi-winding toroidal transformer with a parabolic re- 
lationship between the number of turns of each winding, 
as tabulated. 

As shown in Fig. 6, if a differential voltage is impressed 
across 7, the voltages of the output taps will lie on a 
straight line. To define a parabolic span, the voltage 
analog of the parabola’s midpoint is applied to the 
primary of 72, and the voltage analogs of the endpoints 
are applied to either end of 7,. The induced voltages 
in the secondary of T2:, added to the tap voltages 
of 7, produce output tap voltages that lie on a parabola. 
With no voltage across the primary of 72, the output tap 
voltages would follow the straight line relationship of 
the 7, tap voltages. 

Stepless Switching. After the intermediate points 
have been defined, stepless switching techniques are 
employed to “blend” the discreet points into a smooth 
curve. Figure 7 shows the essential components—addi- 
tional toroidal transformers, an induction potentiometer 
and a rotary tap switch. 

The mechanical gear ratio between the tap switch and 
the potentiometer is such that a 90 deg rotation of the 
potentiometer corresponds to a switch slider movement 
from one stud to the next. Output voltages of the poten- 
tiometer windings are linear over a range of + 60 deg 
from their null points. 

Phasing of the potentiometer with respect to the rotary 
switch is such that when the switch slider is exactly at 
the midpoint of stud J, Fig. 7, potentiometer winding 
4 is at null and generating zero voltage. At this point 
the voltage on stud J is equal to the voltage from the 
tapped toroidal. 

Then as slider moves toward stud 2, potentiometer 
rotor winding A generates an increasing voltage through 
transformer A to add to the toroidal tap voltage. At the 
same time rotor winding B is adding a gradually de- 
creasing subtractive voltage through transformer B to 
the voltage of toroidal tap 2. 

Thus, as shown in Fig. 8, when the induction poten- 
tiometer has rotated 45 deg the slider will bridge studs 
J and 2. At this point winding A will be adding 0.3 
volts to toroid tap I while winding B will be subtracting 
0.3 volts from toroid tap 2. Both rotary switch taps will 
be at the same voltage so the crossover is smooth and 
transientless. Because the potentiometer is linear over 
more than 45 deg, the actual crossover point between 
studs J] and 2 is not critical. 

The slider voltage of the rotary tap switch then serves 
as the voltage analog of the tool path of the controlled 
axis, and is applied through an electronic amplifier to 
the machine slide servo. 

Feedback. The voltage analog of actual machine 
slide position is generated in a manner similar to the 
stepless switching technique just described. Here a three- 
stage circuit is employed. The transducer is a hydraulic- 
motor operated synchro driving an induction poten- 
tiometer. The voltage source is the same master toroid 
used to provide the voltage analog of the original posi- 
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tion input. The feedback potentiometer in conjunction 
with both a “fine” and a coarse” rotary switch follows 
the machine slide and provides stepless switching of the 
master toroidal taps to obtain a voltage analog of actual 
slide position. This position analog is subtracted from 
the input data analog to provide the error signal input 
to the servo amplifier. Because both analog voltages 
derive from the same master toroid, they are always to 
the same scale despite line voltage fluctuations. 

Extended Range. The Cincinnati system is designed 
to control a nominal travel of 100 in. along each axis. 
Where control of long slides is required, extended range 
or “coarse” circuitry can be incorporated—using addi- 
tional rotary switches and stepless switching circuits. 

The circuitry already discussed is designed to handle 
spans of up to + 30 in. Spans of greater than 30 in. 
require extended range circuitry. This is achieved, in 
effect, by utilizing the rotary switches of the position and 
feedback stepless switching circuits described as “fine” 
position devices which are in turn geared to “coarse” 
position rotary switches. The fine position rotary switches 
are allowed to continually recirculate, adding to or sub- 
tracting from the tap voltages of coarse rotary switches. 
Figure 9 shows how this is achieved in the feedback cir- 
cuit. Figure 10 shows the actual extended-range position 
analog feedback unit. 

The coarse circuitry is used only when the difference 
between information and position analog voltages in- 
dicates an “error” of more than 30 in. As the slide moves 
to within + 30 in. of the desired location, a voltage- 
sensitive relay (CR 1 of Fig. 11) drops out the coarse 
circuitry to transfer the system to fine control. 

Program Modifications. For operational flexibility, 
manually adjustable controls are provided for both cutter 
compensation and zero shift, as shown in Fig. 1. The 
cutter compensation circuit operates to determine con- 
tinuously the slope of the curve being followed and to 
erect a perpendicular to this slope. The operator can move 
the cutter in along the perpendicular to compensate for 
cutter wear, or he can set the control to use a cutter 
size other than that specified in the progrem. 

The system can also be adjusted to produce left or 
right hand pieces (mirror images) from the same pro- 
gram, and, in some instances male and female dies. 
Several machines can be controlled simultaneously. OOO 
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Composite Fluorocarbon 
Laminates for Printed Wiring 


Multiple structure of copper clad-fluorocarbon film backed with XXXP phenolic or 


glass-epoxy produces laminates that retain high surface electrical properties after 


etching and provide other desirable properties. 


L. B. ALLEN 
D. E. McELROY 
S. J. STEIN 


INTERNATIONAL Resistance Company, Philadelphia, Pa. 


Most OF THE GENERAL-PURPOSE PLASTICS LAMINATES are 
fairly satisfactory for the majority of applications. Some 
of these materials have also been modified to overcome 
certain specific performance or application problems that 
have been encountered since they had first been de- 
veloped. These modifications have imparted such prop- 
erties as cold punchability, resistance to high solder 
pot temperature, higher bond strengths and translucency. 
But as with most basic materials, every plastics laminate 
type has certain design limitations. 

Particularly serious problems arise from a_ possible 
degradation in the surface electrical properties of the 
exposed base laminate after the copper-etching process. 
These surface properties are, in most instances, solely 
dependent on the adhesive used to bond the copper to the 
laminate base. Consequently, since the bonding agent 
must, necessarily, function primarily as an adhesive and 
only secondarily as an insulator, the resultant surface 
electrical properties of the finished printed wiring board 
are frequently poorer than desirable, especially after ex- 
posure to humid conditions. 

A new type of specially bonded printed wired board, 
consisting of copper-clad polymonochlorotrifluoroethylene 
(Fluoroply-F) announced by IRC a year or so ago*, 


*See 


“Copper-Clad Fluorocarbon Printed Wiring Board,” S. J. Stein and L. B 
Allen, May 1956, Evecrricat Manuracturinc p.- 120 


Table |—Properties of Fluorocarbon* Film 





Arc resistance (D495-42).... .... >360 sec 
Dielectric constant @ 1 me (D150-54T) _.) 
Dissipation factor @ 1 me (D150-54T). 0.009 
Water absorption, 24 hr (570-42)... an 
Dielectric strength, 5 mils....... 5000 vpm 


*Polymonochlorotrifluoroethyelene. Materials used: Genitron (Allied Chemi- 
eal & Dye Corp.) ; Kel-F (Minnesota Mining & Manufacturing Company) ; 
and Polyfluoron (Acme Resin Corp.) . 


seems to overcome the problems that arise from the con- 
ventional adhesive-bonded copper-clad laminate struc- 
ture. When the copper is etched away, the fluorocarbon 
surface retains its own excellent electrical properties, and 
not those of an adhesive. However, despite increasing 
applications where surface resistance, arc resistance, and 
low loss at high frequencies are important, or where a 
homogeneous base material is a necessity, this laminate 
has certain deficiencies. It is not rigid, single-faced sheets 
warp, and it is almost as expensive as glass-filled Teflon 
laminates. 

Two new composite laminates (Fluoroply-P and 
Fluoroply-E) have now been developed to overcome the 
limitations of Fluoroply-F. A sheet of electrolytic copper 
is bonded directly to a sheet of fluorocarbon film which 
in turn is bonded to a rigid insulating backing material 
by means of an adhesive. The backing material can vary 
depending on the particular properties desired. 

Data have already been obtained on composites using 
phenolic and glass-epoxy laminates. Successful results 
have also been obtained with silicone-glass material. A 
double-faced laminate can be produced by repeating the 
copper and fluorocarbon layers. When the copper is re- 
moved only the fluorocarbon film is exposed. Therefore. 
since the surface properties of the film are excellent. no 
protection such as waxing or potting is needed to main- 
tain high surface resistance. 

Table I illustrates some of the properties of the fluoro- 
carbon film used in the new composite laminate. The arc 
resistance is better than that of almost all other com- 
mercial plastics. Also, if arcing should occur between 


Table !l—Physical Properties of Copper-Clad 
Composite Fluorocarbon-Phenolic Laminate * 


Bond strength (ib/in. width) (90 deg pul! test) 
a. As molded 


rs odo a necaciechseee ...10-13 

c. Boiling water, 24 hr..... ..12-14 

d. ae vapor, 15 min .. 11-12 
Solder pot—500 F, 5 sec.......... ..no blistering; no 

delamination 

Water absorption 1% in. (D570-42) ASTM 

SEE SR RS ae nae 0.30% 

b. Dewble face.............. ie ....0.08% 

(XXXP phenolic, commercial ... 0.50%) 


*Fluoroply-P (XXXP phenolic backing) 














conductors, as may take place at high altitudes, and with 
switches, the fluorocarbon film does not carbonize, so 
that no permanent shorts result. The dielectric constant 
and dissipation factor values are far superior to those 
of the backing materials. The water absorption is zero 
and the moisture vapor transmission is extremely low. 
Both of these qualities should result in lower water 
absorption values for a composite laminate. The dielectric 
strength for thin films is 5000 volts per mil. 

The properties of the composite laminates Fluoroply-P 
and Fluoroply-E are shown in Tables II through V. The 
following overall conclusions can be drawn: 

l. The addition of fluorocarbon film to a XX XP or epoxy 
laminate has improved all of the electrical properties 
and some of the physical properties. 

The backing material contributes substantially to the 
overall values obtained. Consequently, a higher grade 
material such as a glass-filled epoxy will give better 
electrical performance (owing to its filler material) 
than a XXXP backed laminate, except for dielectric 
constant. 


N 


Phenolic-Backing Type 


Table II presents some of the physical properties of 
the fluorocarbon-phenolic composite (Fluoroply-P). For 
comparison purposes average commercial XX XP phenolic 
values. as published by the manufacturers, are also listed 
where pertinent. 

The bond strengths in all cases are a minimum of 8 
lb. per in. width. This bond is maintained, apparently 
with no ill-effect, regardless of high temperature exposure, 
boiling water, or solvent exposure. With straight phenolic 
laminates, resist or cleaning solvents will, in many in- 
stances, dissolve the adhesives employed. No evidence of 
bond strength reduction was noticed on 1 in. by 1 in. 
squares floated on solder at a temperature of 500 F for 
5D sec. 

Water absorption, as was anticipated, was markedly 
reduced. Since the fluorocarbon film protects the surface, 
the only places through which water can be absorbed is 
on the exposed areas (such as punched holes) and edges. 
Consequently a double-faced laminate will absorb less 
water than a single-faced laminate and both will show 
substantial improvement over the base phenolic. These 
values will also vary depending on the number of holes 
punched, but this will also be true with standard board 
materials. 

Selected electrical properties of the Fluoroply-P lam- 
inate are given in Table III. Both the surface and volume 
resistivity measurements were made while the etched 
laminate was inside the humidity chamber. The high sur- 


Table Iil—Electrical Properties of Copper-Clad 
Composite Fluorocarbon-Phenolic Laminate* 





Ce COI ects SO Se. Soa. 2 x 1015 ohms 


MP III. og occas Povec ccs eda sack 2 x 1014 ohm-cm 
Dissipation factor @ 1 me (after 24 hr in H.O) 

RI soa es. Sua vedawes S00 cae 0.029 

(XXXP phenolic, commercial............... 0.030) 
Dielectric constant @ 1 me (after 24 hr in H.O) 

INN PAN Sie slides. eae oA ke CS wR e 

(XXXP phenolic, commercial............... 4.5) 





*Fluoroply-P laminate. ASTM tests 


face resistivity measurements are entirely due to the 
excellent surface properties of the fluorocarbon film. No 
comparable values are presented for etched laminates 
since they will vary greatly depending on the particular 
adhesive used. The volume resistivity of Fluoroply-P has 
been found to be slightly higher than that claimed for 
regular XXXP laminates. 

The dissipation factor has been found to be essentially 
unchanged. This is understandable since the bulk of the 
Fluoroply-P laminate is phenolic. This material, there- 
fore, is the controlling factor in this test. The same is 
true for the dielectric constant measurements. 


Glass-Epoxy Composite 

Electrical properties for Fluoroply-E laminates appear 
in Table IV. The surface resistivity is essentially the same 
as that found for Fluoroply-P laminates. This is to be 
expected since the film of fluorocarbon is the controlling 
factor in both cases. The surface resistivities of commer- 
cial glass-epoxy laminates are dependent on whether or 
not an adhesive is used to bond the copper. If an adhesive 
is used the resistivity is somewhat lower than the figure 
shown for Fluoroply-E. If no adhesive layer is used in 
the process the resistivity is approximately the same as 
that shown, but the bond strengths are considerably 
weaker. 

The volume resistivity, dissipation factor, and dielectric 
constant are approximately the same for both the Fluoro- 
ply-E and the standard epoxy-glass laminates. This, as 
was explained before, is to be expected due to the con- 
tribution of the major constituent. Based on the same line 
of reasoning it should also be noted that all of these 
values are an improvement over the corresponding 
phenolic materials except for the dielectric constant. 

Physical properties are shown in Table V. Here the 
figures are comparable to the Fluoroply-P board with 
the exception of moisture absorption values. An epoxy- 
glass laminate normally absorbs less water than a phenolic 
laminate. The addition of fluorocarbon film, as would 
be expected, reduces the absorption rate even further. 


Development Problems 


The development of these composite laminates were 
fairly straightforward, but involved solution of a difficult 
adhesion problem. Since the method of bonding copper 
to fluorocarbon material had been solved previously dur- 
ing the development of the Fluoroply-F material, there 
remained the following problems: 

1. Extension of the bonding technique to thin fluoro- 
carbon films: Bonding copper to thin film was more 
difficult than to the heavier material. Some of the 


Table IV—Electrical Properties of Copper-Clad 
Composite Fluorocarbon Epoxy-Glass Laminate* 


Surface resistivity... . 
Volume resistivity 
ad a cv a kaise iiela ca a RAR eG 3 x 1014 ohm-cm 
(Epoxy-glass, commercial.......... ..1 x 1022 ohm-cm) 
Dissipation factor @ 1 me (24 hr H,O) 


..2 x 1018 ohms) * 
ae | 


ES 9.5 116.5. ¥ dais rend 5 Pecans .0.013 

(Epoxy-glass, commercial................. 0.020) 
Dielectric constant @ 1 me (24 hr H.O) 

IIE Siu. .:4. 0:0 0.0 0 3.00.05. oak RUE aS 4.9 

(Epoxy-glass, commercial............ <n oo 





*Fluoroply-E laminate. ASTM tests. 





problems that overcome before the 
process was developed included: air entrapment, mate- 
rial degradation, uniform pressure and temperature 
distribution and contamination. Solutions for these 
were necessary in order to maintain the economic ad- 
vantage of using thin fluorocarbon film. 

. Bonding the fluorocarbon film to the base material: 
The first approach to this was through the use of 
porous bridging layers impregnated on each surface 
with respective materials to be joined. This was suc- 
cessful finally but the product has certain disad- 
vantages. The punchability was only fair and there was 
a pronounced tendency for wicking when etch baths 
and solvents were used. Also, the cost was high. Sub- 
sequently a suitable adhesive system was found for 
each substrate which obviated the need for the bridging 
layer. Note that although the adhesives are used to 
bond the fluorocarbon film to the substrate, the bond 
of the copper to fluorocarbon was achieved without 
an adhesive, and this is the surface exposed after etch- 
ing. Likewise, the method can be extended to any 
desired substrate for which a suitable adhesive can be 
found. 


were present 


Summary 


In applications where surface resistance is a problem, 
these laminates appear excellent even under humid condi- 
tions. They are consistent regardless of environment in 
that the surface resistivity is approximately the same at 
room conditions as it is after 96 hr in a humidity cham- 
ber. Secondly, the are resistance is among the best ob- 
tainable with plastics materials. Conceivably the superior 
are and surface resistance could mean economies in both 
space and money since it should now be possible to more 
closely space the conducting copper lines. Thirdly, since 
the fluorocarbon carbonize, the danger of 
shorting out, after arcing, is eliminated. Lastly, the addi- 
tion of a thin film of fluorocarbon does not in any way 
impair the physical properties of the backing or insulating 
material. As an example the Fluoroply-P laminate has the 
same good punchability as a phenolic laminate. 

This new family of laminates is in the final develop- 
ment stages at this time. Laminates up to 12 in. by 12 in. 
are available for evaluation. 


does not 


The test results presented 
here are believed to be typical of this type of laminate. 
OOO 
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Table V—Physical Properties of Copper-Clad 
Composite Fluorocarbon-Glass Epoxy Laminate” 


Bond Strength paren <9 - deg - test) 
a. As molded ..10-13 
b. 96 hr @ 125 C. .. 8-14 

c. Boiling water, 24 hr.. .. 8-12 
d Trichloroethylene vapor, 15 min. .. 10-13 
e. 150 C bake, 96 hr .. 10-12 
Solder pot, 500 F up to 30 sec 
. no blistering; no delamination 

Water absorption % in, | ASTM 
a. Single face. . : 

b. Double face 
(Epoxy-glass, commercial. .. 


0.04% 
0.01% 
0.14%) 


*Flueroply-E (glass-epoxy backing) 
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Direct-Bonded 


Copper bonded to a new Teflon 100X per- 
fluorocarbon base without use of adhesive 
produces printed wiring laminate with 
superior surface electrical properties for 


operation in 200-C range. 


D. E. McELROY and S. J. STEIN 
INTERNATIONAL RESISTANCE COMPANY 
Philadelphia, Pennsylvania 


PRINTED WIRING BOARDS made from a new form of fluoro- 
carbon resin appear to answer a number of design 
problems where high electrical properties and continu- 
ous operation at 200 C are required. The base for these 
boards is made from DuPont’s new resin Teflon 100X, 
a perfluorocarbon resin that differs from the more gen- 
erally known Teflon tetrafluoroethylene resin in that it 
can be fabricated by techniques commonly used with 
thermoplastic polymers: It can be extruded by means of 
conventional screw type extruders, and it can be com- 
pression molded. An injection-molded grade should be 
eventually also available. Other than for a slightly lower 
heat distortion value, Teflon 100X is quite similar to the 
standard Teflon in both physical and electrical properties. 
Some of the outstanding properties of copper-clad Teflon 
100X laminates are: 

1. Etched laminates exhibit high surface 
values. 

The are is excellent, and, equally im- 
portant, even if arcing should occur no carbonaceous 
path is formed. No permanent shorts between conductors 
can form. 

3. Since no filler material is employed, such as glass 
cloth, or paper, the excellent inherent electrical proper- 
ties of the fluorocarbon base are maintained. 

4. This laminate can be used at 200 C continuously 
and in actuality has been exposed to higher temperatures 
for extended periods of time. 


resistivity 


resistance 
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Copper-Clad Teflon 
High-Temperature Laminate 


To obtain the full benefit of Teflon 100X in printed 
wiring board applications it would be necessary to bond 
the copper directly to the base. If some intermediate, 
such as an adhesive, is used to effect this bond the resul- 
tant properties of the laminate will urdoubtedly be 
inferior to the properties of the Teflon 100X. Therefore 
the basic problem was to bond copper direct.y to the 
resin. This problem has been successfully met by IRC 
in a trademarked printed wiring board laminate, Fluoro- 
ply-T. This laminate is made by bonding copper directly 
to a sheet of Teflon 100X without using any resin ad- 
hesives. The following advantages have been obtained: 

1. When the copper is etched away, the surface ex- 
posed is that of Teflon 100X perfluorocarbon and 
not an adhesive surface. Since the perfluorocarbon 
is a non-wetting material with excellent surface 
properties. the laminate can withstand severe mois- 
ture conditions. 

. The maximum continuous operating temperature is 
limited only by the temperatures that the copper 
and plastic can withstand, and not by the lower 
operating temperature of some adhesive. 

3. The electrical properties of the laminate are those 
of the perfluorocarbon resin. No unwanted contri- 
butions are made by a third material. 

Some of the physical properties of Fluoroply-T lami- 
nates are given in Table I. The bond strengths were all 
uniformly good and these bonds were maintained even 
after 96 hr at 225 C. At the elevated temperatures the 
exposed surface of the copper began to oxidize rather 
severely. However, the copper surface next to the base 
showed no signs of oxidation or other chemical attack. 
Therefore if the exposed surface of the copper were 
protected with an electroplate of silver or noble metal, 
the laminate should be operable at 200 C and probably 
operable at 225 C for extended period of time. 

Solder pot testing, using relatively normal conditions, 
resulted in no signs whatsoever of delamination, gassing, 
or reduction in bond strengths. In order to find out 
exactly what this laminate could endure, two sample 
pieces were immersed in 60:40 tin-lead solder at 500 F. 
At the end of 300 sec there were no signs of gassing or 
bond-strength reduction. Finally after 600 sec the copper 
started to pull away from the plastic. The water absorp- 
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Printed cable design that utilizes 
thin sections of Teflon 100X per- 
fluorocarbon film bonded to copper. 


Table I—Physical Properties of Copper-Clad 
Tefion 100X Perfluorocarbon Laminate* 


Bond strength (ib/in. width) 
a. As molded aka .. 14-16 
b. After96hr@150C........ . 15-16 
c. After 96 hr @ 200 C.. .12-13 
d. After 96 hr @ 225C... eee 14018 
Solder pot 
a. 30sec @ 500F.. ..No delamination 
b. 300 sec @ 500 F.. No delamination 
Water absorption, per cent ....0.0 


*Fluoroply-T. 


Table il—Electrical Properties of Copper- 
Clad Tefion 100X Perfivorocarbon 
Laminate* 


Surface resistivity, ohms... . 
Volume resistivity, ohm-cm 
Power factor, @ 1 mc.... 
Dielectric constant, @ Imc. . 


a Fluoroply - T. 
Measurements made at 24 hr intervals on samples exposed for 96 


hr to a humidity of 90 per cent RH at 35 C. ASTM specifications 
used. 


Table tl—Electrical Properties of Teflon 
100X Resins* 


Dielectric strength (15 mil film), vpm. 
Dielectric constant @ 73 F 
Frequency: 100 cps..... 
1000 cps... 
10,000 cps... 
30 me.... 
Power factor @ 73 F 


Frequency: 100 cps... 
1000 cps. 
10,000 cps... 


1150-1550 


*Source: Du Pont Bulletin “Teflon 100X Perfluorocarbon Resin Ex- 
trusion Powder.” 





tion value, as would be expected, was 0.0 per cent. 

Table II lists some of the pertinent electrical proper- 
ties. The samples used in all cases were 1/16 in. thick 
laminates faced with copper on both sides. Surface and 
volume resistivity test pieces were etched using a ferric 
chloride bath. All tests were made using ASTM pro- 
cedures. 

The surface and volume resistivity values were excel- 
lent. These tests were done on samples that had been 
exposed for 96 hr to a humidity of 90 per cent RH at 
35 C. Measurements were taken at 24-hr intervals, with 
results indicative that the obtained values were constant 
and were not affected by humidity exposure, at least for 
the 96-hr duration of the test. All test values were ob- 
tained while the sample pieces were in the humidity 
chamber. 

The power factor and dielectric constant values agree 
quite closely with those published for the base resin. 
Teflon 100X. This would indicate that the method of 
lamination used does not impair the electrical properties. 

Table III shows some of the electrical properties of 
Teflon 100X. Dielectric strength of the 15-mil film is 
high and comparable with other good plastics materials. 
Note that dielectric constant and power factor values 
remain constant over the frequency range, 100 cps to 
30 megacycles. The same values were shown for other 
tests by Du Pont at 1000 cps over a temperature range, 


—40 C to 240 C. 


Disadvantages of Perfluorocarbon Laminate 


The new laminate described here is not free from 
disadvantages. The first is cost. Still in limited supply, 
the base Teflon 100X resin is priced at $20. per lb. 
Even though the future outlook is encouraging (since 
eventually the base resin price is expected to be about 
the same as Teflon itself) this laminate will never be 
an inexpensive printed wiring board such as XXXP 
phenolic. 

The second disadvantage is that Teflon 100X is not a 
rigid material and consequently neither is the laminate. 
Single-faced copper laminates will warp somewhat as a 
result of expansion and contraction stresses. This rigidity 
problem can be remedied by either incorporating glass 
cloth in the laminate or by bonding the laminate to a 
rigid backing sheet such as aluminum plate. The latter 
can be accomplished by simply soldering an electro- 
plated aluminum plate to one copper face of a double- 
faced laminate. 

Some work has been done also with veneer-type lami- 
nates employing Teflon 100X as the surface material. In 
this type of lamination a film of Teflon 100X is bonded 
to some other plastic such as a glass-filled silicone lami- 
nate. This method permits rigidity to be combined with 
excellent surface electrical properties. The other prop- 
erties of the resultant printed wiring board largely de- 
pend on the plastics laminate chosen for the backing 
layer. A more complete description of this type of lami- 
nate is given in the preceding article in this issue.* The 
addition of glass cloth to the laminate, however, adversely 
affects many of the electrical properties. Consequently, 
the comments made here regarding the unfilled Fluoro- 
ply-T laminate do not apply to a glass-filled laminate. 

Although non-rigidity has been discussed as a defi- 
ciency, in certain applications it can be an advantage, 


*See “Composite Fluorocarbon Laminates for Printed Wirings,” p 124. 
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as where space is a factor. Here the laminates can be 
shaped to conform to the wall of a cylinder or to some 
similar object. 

Double-faced copper clad laminates are not warped, 
of course, since the internal stresses are balanced. This 
flat state can be maintained, after etching of the copper, 
provided that relatively the same amounts of copper are 
left on each side. 


Applications 


In thicknesses of %45 in. to % in. Fluoroply-T should 
find considerable use in the microwave field where low 
losses at high frequencies are required. It also should 
find usage in high-temperature applications since this 
laminate can be exposed to temperatures that are con- 
siderably higher than those recommended for other plastic 
laminates. Because of its uniform electrical properties 
over a wide range of frequencies and temperatures, it 
should find application in products requiring unchanging 
electrical properties. 

In thin sections, such as 2 mils of Teflon 100X bonded 
to 1- or 2-oz copper, this material should make an excel- 
lent printed cable (see illustration). The cable shown 
here was made from a laminate consisting of 2-0z copper 
bonded to both sides of a 5-mil sheet of the perfluoro- 
carbon film. The desired cable pattern was etched, after 
which additional films, 2-mil each, were bonded to each 
side for additional protection. This particular cable has 
20 conducting paths, 10 on each side. The final item is 
flexible, lightweight, and occupies very little space. 
Assembly is simplified since the individual conductors 
can readily be identified by their position. The cable has 
excellent electrical properties, and can be used at much 
higher temperatures than is possible with existing cable 
materials. 

This laminate is presently available, in limited quan- 
tities, in thicknesses ranging from 2 mils up to ¥ in. A 
glass-cloth filled material is also available in thicknesses 
of 1/32 to 1% in. At the present time the maximum size 
laminate we make is 6 in. by 6 in. As the resin material 
availability increases so will the size of the laminate, 
with the next expected size either 12 in. by 12 in. or 15 
in. by 15 in. OO 
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THE DESIGN ENGINEER NEEDS TO HAVE a workable knowl- 
edge of the kinds of magnet wire available, their ad- 
vantages, disadvantages and related areas of product 
application. This knowledge should aid him both in 
selecting the optimum wire for his own design purposes 
and for selecting components or complete equipments 
that incorporate magnet wire parts. Of approximately 
300 separate types and grades of magnet wire available. 
some one type is the best suited for each application. 
It is the purpose of this review to point out the areas 
of best usage for each class of enameled magnet wire now 
available. also to show the probable future direction 
of growth in magnet wire research, development, and 
application. 

Modern magnet wires are designed for (1) tough 
usage. (2) labor saving. (3) higher temperatures, (4) 
special applications and (5) special environments. The 
importance of modern magnet wire in the design of 
motors. transformers. relays. etc.. can not be overem- 
phasized. The recent advent of many resins modified to 
coat magnet wire has made possible the shrinking of 
apparatus size and has brought about a consolidation in 
design not realizable in the past. Greater reliability 
under adverse conditions has also resulted from these 
advances. The now historic development of Formvar 


(polyvinyl formal) magnet wire enamel alone has rev- 
olutionized the electrical apparatus field. 


The purpose of magnet wire. which distinguishes it 
magne wire from other conductors used only for energy transfer, is 


to create and maintain a useful magnetic field. A high- 
conductivity metallic wire (usually copper) is wound 
into a multiturn coil with sufficient insulation to separate 
turns. Any line voltage stresses are borne. not by the 
magnet wire insulation. but by added supporting insula- 
tion in the form of solids (such as tapes, varnishes, and 
cast-resin blocks). liquids (such as oils). and gases (such 
as sulfur hexafluoride). Magnet wire is not expected to 
have unusually high dielectric strength although a high 
breakdown voltage on film-coated magnet wire is an 
indication of good continuity of film and freedom from 
coating defects. Also a good turn-to-turn dielectric 
strength after winding and after varnish treatment is an 
indication of a successful application of the wire. 
Presence of supporting insulation, such as ground 
insulation and phase insulation. sometimes has a marked 
influence on the behavior of the magnet wire insulation. 
Therefore these insulations must also be selected care- 
fully for such factors as proper thermal stability and 
mechanical and electrical properties. Moreover, they 
“the im portance of modern should not contribute degradation products harmful to 


. Billet t the magnet wire coating. This part of the total insulation 
magnet wire in design Cone picture is beyond the scope of the present discussion. 
be overemphasized...” although mention will be made of the difficulties of this 


nature in connection with specific wire types. 


. . 
Which Magnet Wire? 

The answer to this question lies in a complete under- 
standing of the desired characteristics and performance 
of the device being developed. a knowledge of the 
environmental conditions in which it will operate, and 
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a thorough review of the properties and recommended 
uses of magnet wire types available. Initially the familiar 
calculations of slot size, wire shape and size, space 
factor, resistance and losses, voltage and current require- 
ments need to be made. Following this the wire proper- 
ties such as thermal stability, resistance to heat shock, 
and thermoplastic flow temperatures will indicate the 
temperature level of operation. Finally, it is necessary 
to find out if a wire has the necessary mechanical 
properties to withstand particular winding operations, 
the chemical properties to allow the treating varnishes 
desired, and electrical and chemical properties to with- 
stand the environment proposed. Unusual environments 
may require special resistance to moisture, refrigerants. 
chlorinated liquids, oils. chemicals. or encapsulating and 
potting compounds. 

It should be emphasized that no one magnet wire has 
been developed that can serve all needs. Some types. 
however. are much more versatile than others. For exam- 
ple. Formvar comes closer to being a universal magnet 
wire enamel than any other film type coating. For ex- 
tended life. however. Formvar enameled wire is limited 
to the 105 C class. If operated at temperatures over 105 C, 
a shorter life should be expected. 

Cost is often a major factor in the selection of a 
magnet wire. The engineer may elect to “design-around” 
certain deficiencies in a magnet wire type in order to 
utilize a cost-saving advantage. Certain magnet wires 
have been developed to effect specific economies. For 
example, the solderable type of magnet wire eliminates 
the scraping of coil ends for soldering and makes possible 
the automated winding of coils to a greater extent than 
with other types of wire. Lower end costs may also be 
achieved by miniaturization and use of higher operating 
temperatures. Here the magnet wire insulation must 
have greater thermal stability and the first cost of the 
maget wire becomes of secondary importance. 

The modern trend to smaller devices. greater reliability. 
and higher operating temperatures has not only demanded 
important advances in electrical insulation but has had 
a particularly strong impact on the magnet wire since 
the insulation components are closest to the source of 
heat, the conductor. 

Many new polymers. with high thermal endurance, 
have been adapted to magnet wire coatings. The tem- 
perature frontier for film coatings has been pushed 
upward from 105 C to 130 C, 155 C, and above. Some 
of these materials have disadvantages that make their 
usage a hazard unless the engineer minimizes these 
shortcomings by design. This discussion proposes also 
to point out possible pitfalls in the use of the new 
materials. 


Classification by Insulation Type 

All types of magnet wire will be classified in this section 
to be followed by specific classifications. Table | provides 
a tabulation of enameled types related to properties and 
areas of application. Table II compares their advantages 
and disadvantages. Table III summarizes commercial 
identifications. while Table IV lists appropriate standards. 
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Enameled and Film-Coated Magnet Wires are pro- 
duced by metering on the wire, in multi-coatings (inter- 
spersed with baking), thin wet films of resin, in solvents 
or suspending media, and baking or fusing the resin 
portions until they reach the state of extremely thin, 
hard, tough, but flexible, films. 

This group is characterized by excellent space factor 
and flexibility, smooth appearance, high dielectric 
strength, and, often, good moisture resistance. They 
are used where space requirements are stringent, and 
where special shaping of coils is needed. 

Some shortcomings of the film-coated group are in- 
ability to withstand adverse winding conditions, lack of 
ultimate overload resistance against cut-through, loss of 
dielectric strength upon cracking either from solvents, 
winding. baking. or aging. and failure to withstand 
environmental conditions. 

Film-coated magnet wire is a necessity where winding 
space is severely limited. Often windings will be com- 
pletely impregnated, encapsulated or potted to protect 
the wire from adverse conditions. 

Many special types of film-coated wires have been 
developed to fill the needs of particular applications. 
Solderable films are in this category. The film is 
removed by the application of hot solder either in a 
dip process or by use of a soldering iron. 

Fiber-Covered Magnet Wires are produced by wrap- 
ping helically, in single or multilayers, fiber or tape 
strips of insulation around the conductor, using adhesives. 
bonding materials. or varnishes to cement the fibers in 
place. The insulation is of the spacing type and is 
exceptionally safe on overloading. For example. the die- 
lectric strength of glass fiber insulation remains equal 
to the equivalent air spacing even after years of aging 
have removed much of the bond and varnish originally 
applied. Cotton is outstanding in its ability to withstand 
considerable winding abuse. Paper. when impregnated 
with oil. has outstanding dielectric strength and is used 
in transformer windings. The chemical resistance of 
many of these materials is superior to that of film 
insulation. 

Disadvantages of fiber-insulated wire are (1) lack of 
moisture and contamination barrier action, (2) poor 
space factor for some types, (3) poor coverage on 
sharp bends. rough exterior. and lack of consolidation 
in multilayer coils. The latter disadvantage may lead to 
difficulties in overheating of coils by poor heat transfer 
conditions. A combination of glass fibers and Dacron 
polyester fibers has been used in an effort to obtain 
better resin fill in the magnet wire covering as the 
Dacron is fused in place, also to improve mechanical 
strength. This construction is partially successful in 
improving heat transfer and the ability to withstand 
winding abuse. 

Combinations of Film and Fiber Insulation on magnet 
wire have overcome many of the disadvantages of each. 
Thus, advantages for this combination are (1) spacing 
insulation for overload protection, (2) ability to with- 
stand winding abuse, (3) 
moisture attack, 
strength. 


resistance to chemical and 
(4) flexibility, and (5) good dielectric 
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. . . steady progress toward 
functional tests as basis for 
thermal classification . . .”’ 


The disadvantages still include poor space factor and 
lack of complete consolidation in coils. 

Film-Taped Magnet Wire is produced by helically wrap- 
ping one or more layers of plastics film tapes over the 
conductor. These films may or may not be bonded or 
heat-sealed. 

Advantages of this group include higher dielectric 
strength than the fiber-covered types; better protection 
from overload thermal flow, usually, than film-coated; 
better resistance to moisture and contamination than 
fiber-covered; and good resistance to winding abuse. 

Disadvantages are: poor space factor, poor flexibility, 
and opening of tapes on sharp bends. 

The tape-type wire has not been used extensively. 
There are several such tapes available: cellophane and 
cellulose acetate, Teflon, and the promise of another Mylar 
polyester film. The latter could move the temperature 
limitation of this group to 130 C if it is demanded. 

Paper and asbestos are considered in the fiber-covered 
class even though they may be applied as tapes. 

Mica-Taped Magnet Wire is produced by wrapping 
and bonding around the wire (often rectangular in 
shape) one or several layers of a tape. consisting of 
one or two backing tapes of paper or cloth (including 
glass), bonded to which are successive and overlapping 
flakes of mica. 

Advantages of this type are its outstanding dielectric 
strength, longtime thermal stability under vibration, and 
stability under corona attack. 

Disadvantages are poor space factor, difficulty of han- 
dling, poor resistance to winding conditions, poor flexi- 
bility, high cost, and vulnerability to moisture and 
other contaminants. 

Mica tape is used in large, high-voltage apparatus, 
both generator and motor types. Recent advances in 
impregnation and consolidation have partially removed 
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the formerly experienced disadvantage of poor heat 
transfer. 

Inorganic-Coated Magnet Wire is a varied group con- 
sisting of oxide-coated aluminum, ceramic-coated copper, 
and combinations with oxide-filled resins. 

The main advantages are, in general, high thermal 
stability, excellent chemical resistance, and superior cut- 
through resistance. 

The disadvantages include poor flexibility, low die- 
lectric strength, poor resistance to winding abuse, and 
poor resistance to moisture contamination. 

It is sometimes a question whether a pigmented film 
belongs in this group or in the film-coated group. If the 
pigment constitutes the major part of the insulation and 
is present to add its insulating properties rather than 
its color to the wire, then it is considered in the inorgan- 
ic-coated group. Some of the stated disadvantages for 
this group, however, do not apply to certain of the 
pigmented-film type. 


Classification by Thermal Stability 


Literature on electrical insulation during the past few 
years has covered in much detail the various (and often 
controversial) concepts, theories and practice related to 
classification of electrical insulation by thermal stability. 
(]).* The end result, however, has been a steady progress 
toward the establishment of functional tests as a basis 
for thermal classification. 

The original AIEE Standard No. 1 was based on a 
chemical classification with four temperature categories: 
Class O limited to 90 C, Class A limited to 105 C, Class 
B limited to 130 C and Class C for inorganic materials, 
with no limitation set on maximum temperature. Class H,7 
limited to 180 C, was added over 10 years ago to make 
use of silicone-bonded glass. Currently, AIEE Standard 
No. 1 has been revised (effective June 21, 1957) 
establishing seven classifications: 90 C, 105 C, 130 C. 
155 C, 180 C, 220 C and >220 C. (2) 

The following AIEE test procedures describing tests 
of magnet wire have reached the status of formal issuance 
and are of great importance to the wire manufacturer 
and the user of the wire alike: AIEE 57 (3) involves 
only magnet wire and treating varnishes while AIEE 510 
(4), aimed at motor winding usage of magnet wire, 
involves magnet wire, varnish, ground insulation, phase 
insulation, and sleeving in the form of model motors called 
motorettes. AIEE 57 has, as its specimen, a standard 
twisted pair of wires which may or may not be treated 
with varnish types likely to be used with the wire under 
test. 

The tests are designed to take data of life vs test 
temperature values and foretell either life at limiting 
temperatures or limiting temperatures for a standard 
life. In this work, it is necessary to test the samples at 
accelerated aging temperatures in order to arrive at end 
points in reasonable times. Four such temperatures are 
suggested in the procedure. 


*Italic numerals in parentheses apply to Cited References at 
end of article. 

‘Navy specifications list 200 C as the hottest spot 
for class H 


temperature 


ELECTRICAL MANUFACTURING 





Although the test procedure was originally used for 
round wire twist samples, it has recently been tried on 
rectangular film-coated wire. In this case the sample 
becomes a pair of rectangular insulated straps held 
together by cord or tape and impregnated with varnish. 
It is expected that the procedure for film-insulated rec- 
tangular magnet wire will be issued as a Part II of 
AIEE 57. 

For many years, engineers have considered that the 
aging of insulation, particularly the organic types, fol- 
lowed an approximate “rule of thumb” which states that 
the life of insulation, under aging conditions, will be 
divided by two for every 10 C rise in aging temperature. 
(5,6) While roughly holding for some standard 105 C 
class insulations, the rule was found to be lacking in 
characterizing the aging behavior of new and higher 
temperature materials. Furthermore, even with the same 
material, the rule can be shown to be in error at tem- 
perature levels greatly in excess of the limiting tem- 
perature for that material. 

An adaptation of the Arrhenius reaction rate theory 
(7) has been used to show that the life of insulation 
is an exponential function of the reciprocal of absolute 
temperature, involving one or several definite activation 
energies for each material. The convenient form of this 
theory for use by engineers is as follows:* 

log L A/T + B 
where L life to failure in hours 
T absolute temperature, deg K 


{4 and B 


If one plots the log of life vs the reciprocal of absolute 


- constants 


temperature, obtained from cyclic aging tests as de- 
scribed in AIEE 57 or 510, a straight line relationship 
usually appears. This is made even more convenient 
by the use of special graph paper having logarithms as 
the ordinate and degrees Centigrade (on the reciprocal 
absolute temperature scale) as abscissa. When two or 
more reaction rates appear, there will be two or more 
straight lines to plot from the data. The data closest 
to the actual limiting temperature expected, is the most 
reliable for purposes of extrapolation. When a set of 
data has been established as giving a reasonable straight 
line of the form of the given equation, an accurate 
representation of this line can be calculated by the 
method of least squares. This “regression line” may 
then be extended to a comparison life such as 30,000 hr 
for determining the limiting temperature for the speci- 
men under test. For Formvar, with a phenolic-type 
varnish, this limiting temperature is 105 C at 30,000 hr. 
Since this is the basic combination of much of the magnet 


*In AIEE No IF, soon to be published this equation will be 
written: Log L A+B 

T 
There is a considerable spread of opinion on the question of 
test life that should be expected from magnet wire at the critical 
class temperature. Compounding these differences of opinion 
is the question of whether the rating of magnet wire is to be 
on the basis of varnished or unvarnished specimens. The AIEE 
Committee on Dielectrics Working Group on Enameled Magnet 
Wire hopes to resolve these differences in its projected “Proposed 
Procedure for Determining the Limiting Insulation Temperature 
Classification of Enameled Magnet Wire.”—The Editors. 
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wire industry all other film-coated wires should be 
brought to this life for comparison. 

A change of varnish often changes the limiting tem- 
perature of the magnet wire. This is as it should be 
since the design engineer should specify all components 
of his apparatus taking advantage of better thermal 
stability offered by different varnishes. There are, there- 
fore, magnet wires which, conceivably, could “straddle” 
two classifications, falling in one with one treatment 
and in another with a second treatment. When no varnish 
is used a lowering of the limiting temperature is usually 
observed. Thus, Formvar, unvarnished, does not measure 
up to the 105 C class as industry has come to recognize 
that class. 

On the basis of the foregoing discussion, a_ brief 
summary of the classification of film-coated magnet wire 
is given. In the 90 C class we must place such well-known 
wires as plain enamel, Formvar, nylon, nylon-Formvar 
combinations and_ others Varnish 
raises these standard products to the 105 C class. Such 


when unvarnished. 
new materials as solderable polyurethanes and some 
epoxy combinations are in 105-C class with and without 
varnish. The best epoxy enamel is in class 105 unvar- 
nished and in 130 C 
varnish. Silicone alkyd varnishes raise epoxy enamel 
wire to 130 C plus. Polyester enamels varnished with 
silicone or unvarnished show thermal stability limiting 


class treated with phenolic-type 


temperatures in the 155 C class, although many restric- 
tions on varnishes, moisture exposure, and heat shock 
on small bends dictate that, for many installations, these 
materials be classified at 130 C. (See graph below. ) 
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\ comparison of the thermal life of various enameled magnet 
wires: These data represent average values of modified-sili- 
con enamel, polyester enamel, epoxy enamel, and Formvar 
enamel types. Values have been derived by means of AIEE 
No. 57 Test Procedure, no varnish. Source: AIEE .Working 
Group on Enameled Magnet Wire through John F. Dexter, 
chairman. 
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Table I—General Types, 












Thermal 
— Classification 
ype deg C 










(see Table Ill 
for Manufacturers) 
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Basic 
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Thickness 
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dustry sources 


enamel; after 48 hr at 
N.T.—no test made 


cent elongation or flexibility test 
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100C sample withstands 20 per 




















Natural Tung oil Single N.T.b _100C for 48 hr 
resins Heavy 20% elongation 
or flexibility test, 
0.K.c a 
Polyvinyl Phenol Single 8-29 AWG 30-46 AWG N.T. 3x N.T 
formal formaldehyde Heavy 1x mandrel 25% elongation O.K. 
Triple 0.K. and 3x 
Quadruple 0.K. 7 
Polyvinyl None Single 8-29 AWG 30-46 AWG N.T. 3x N.T. 
Butyral over Heavy 1x 25% OK. 
Formvar Triple 0.K. 3x 
0. K. 
Polyamide None Single 1x N.T. 3x N.T. 
resins Heavy 0. K O.K. 
Polyamide None Single 1x N.T 3x N.T. 
over Heavy 0. K. 0.K. 
polyvinyl Triple 
formal 
Polyurethane Usually Single 15-30 AWG 31-46 AWG N.T. 3x N.T. 
polyesters Heavy 1x 10% 0.K. 
0.K. 3x 
0.K. 
Polyepoxide Polyesters; Single 105 130 N.T 3x N.T. 3x 
resin urea Heavy (may range 0.K. 0.K 
formaldehyde _ Triple to 130) 
Quadruple 
Mixed Undisclosed Single N.T 3x N.T. 3x 
terephthalate Heavy 0.K 0.K. 
polyesters 
resins 
Silicone Terephthalate Single 155 180 N.T. 5x N.T. 3x 
resins polyester Heavy (may range 0.K. 0.K. 
to 180) 
Silicone None Single 180 N.T. N.T iy. N.T. 
over ceramic Heavy 
Polytetra- None Single N.T N.T. N.T. N.T. 
fluorethylene Heavy 
over ceramic 
Polytetra- None Single N.T as N.T. N.T. 
fluorethylene Heavy 
Tefion- Polytetra- None Single N.T. N.T. N.T. N.T. 
silicone fluorethylene Heavy 
combinati over silicone 
. Hermetic Copolymer None Single As used in 1x N.T. 3x N.T. 
operation acrylonitrile Heavy hermetic motors, 0.K. 0.K. 
(Acrytie) plus acrylate 130 
resin 
Pigmented Undisclosed Undisclosed N.T NT. N.T. N.T. 
chrome oxide 
Note: Data based on authors’ laboratory tests and in- No tests made for aging flexibility at 125C for plain “Plain enamel dielectric loss at 60 cps, 1.9. 


*Plain enamel dielectric constant at 60 cps, 3.6 
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TABLE | cont.—General Types, 


Characteristics and Applications of Enameled Magnet Wire® 


Flexibility 


No. 8-29 AWG No. 30-36 AWG 


No softening 
after 48 hr at 
100C, 0.K. 


25% elong. 
and 3x 
0.K. 


25% 
3x 
0.K. 


25% 
3x 
0.K. 


Adherence 


Gradual to 
20% elong. 
0.K. 


Snap test 
0.K. 


Snap test 
0.K. 


Snap test 
C.K. 


Snap test 
O.K. 


Abrasion 
resistance, 
strokes 


1000-1200 


1500-2500 
1500-2500 


1500-2000 


1500-2000 


800-1200 


800-1200 


100-500 


1000-1500 


Electrical Properties 





1000-1500 





1000-1500 





800-1200 


1000-1500 





Snap test 
0.K. 


Snap test 
0.K. 


Snap test 
O.K. 


2000-3500 


2000-3500 


2500-3500 


1500-2000 


2000-2500 


1500-1800 


1500-2000 


1500-2500 


1500-2000 





Snap test 
OK. 


1500-2000 


1500-2000 


1000-1500 





150-300 








15-20 21-24 


4x 3x 


t These 
120€. 


values for polyurethane enameled wire ar 
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1000-1500 





AWG 16-44 
Single-Coat 
200-600 
Double-Coat 
750-1750 


1500-2000 1000-1200 


1500-2000 


Snap test 
0.K. 


1500-2500 1200-2000 


8-24 25-30 
Gradual Gradual 
to to 
rupture 20% 

0.K. 0.K. 


e at “Numbers are permissible breaks per 100 ft of wire for 
single (S), heavy (H), and triple (T), grades respectively, 


reading left to right. 


»Can 
used 


1500 


1000-2000 


1000-2000 


be classified at 


Characteristics and Applications of Enameled Magnet Wire 


105¢ 


if reduced life criterion is 





Chemical Properties 


General 
Type 


(see Table Ill 
for Manufacturers) 


conf. 





Cement Cement K. Cement 
softens softens dissolves 














AWG 16-19 
20 
AWG 20-44 
15 
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Varnish Resist- 
Moisture Freon 22 compati- ance to Solder- 
resistance resistance bility hydrolysis ability 








Good Poor Good N.T. None Small transformers, relays, solenoids; Paper layer-insulated coils, ignition coils; Oil- 
cooled transformers; Neon-tube transformers 








Fair Fair Good Good Only at ® High-speed motor windings, general coils of all types; Form wound coils; Rectangular 
very high} coils; Rectangular wire applications 
tempera- 
tures 








Fair N.T. N.T. N.T. N.T. Specially shaped coils, cemented coils, self-supporting coils, no varnish needed. TV 
yoke coils. 








Poor Poor in HCI Fair N.T. Good Solderable wire applications in armatures, field coils, tapped transformers, relays, 
by-products etc.; applications where polar solvents may be present in insulating varnishes. 
from 
Freon 22 











Good Poor in HCI Good N.T Poor The addition of nylon over Formvar adds a degree of windability not present with Formvar 
by-products alone. Has much higher thermoplastic flow temperature. Can be used with varnishes 
from containing polar solvents 
Freon 22 


Excellent N.T. Good Good Excellent] All solderable wire applications from electronic coils to motor windings. Excellent 
for radio and television coils. Class 105 C. 


Excellent Good Good Good None Class 130 C motors and transformers in possible humid locations. General coils of all 
types for Class 130 C. Hermetic motors 











Fair Poor Poor Poor None Outstanding thermal stability allows use as transfermer and motor windings at 155 C 
provided adequate ventilation exists and compatible varnish is used. 


ef 


Good Poor Poor Fair None Under ideal conditions, can be used at 180 C for motors, transformers, relays, etc. 
Must be varnished with silicone. Good ventilation required. 





Fair N.T. Poor N.T. None Carefully wound coils for Class 180 C; Expendable units not requiring long life at 
higher temperatures. 





Fair N.T. Poor N.T. None Carefully wound coils for Class 220 C; Expendable units not requiring long life at 
higher temperatures. 








Fair N.T. Poor N.T. None Very high temperature applications, 180 C with copper, above with protected copper 
or aluminum. Must have supporting insulation to avoid thermoplastic flow. 





Applications, up to 250 C for coils, small motors, etc. Hand winding only. Overtemp- 
eratures to 275 C. Excellent space factor 








Excellent Refrigeration hermetic motor applications. Can be used at 130 C in hermetic motors 


with Freon atmosphere. 








Unknown Unknown Can be used in round and rectangular wire applications for excellent space factor and 


good thermal stability. 
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TABLE li— 


Advantages and Disadvantages 
Cela Bd ol 
Enameled Magnet Wire 





Polyurethane-base enamels (solderable) 





ee 


. . . polyvinyl formal type 
has most of the properties of 
a universal magnet wire...” 


Silicone modified with polyester has had a somewhat 
similar experience. Tests show that this material, when 
silicone varnished, comes close to the 180 C class but 
its limiting temperature should be reduced to 155 C 
because of difficulties with environmental conditions. 

In the AIEE 510 test, a complete system is evaluated 
for thermal stability. (9) The effects of ground, phase 
and lead insulations are observed in regard to the life 
of all components. It can be shown that results from 
AIEE 510 are similar to those of AIEE 57 when the 
same magnet wire and varnish are used in each and the 
supporting insulation in the system test is “neutral” 
with respect to the wire. 

No similar tests have been issued for fiber-insulated 
wire, since failure is less obvious. For example, although 
film-coated wires have been tested at stresses of 300 vpm 
or higher in AIEE 57, the stress available for fiber-covered 
wire is restricted to a value below that of air in the 
spacing between turns. Even when moisture is added to 
allow detection of failure, end points are quite indistinct 
and variable. Preliminary findings involving insulation 
resistance, indicate that this may be the way to test 
fiber-covered varnished specimens. When the resinous 
bonds are at the cracking stage there is also increased 
conduction due to an increasing abundance of ions. Thus, 
an end-of-life criterion may be set by conductivity, with 
much less variability than observed for the voltage 
criterion. 


Applications for Specific Wire Types 


A wide range of sizes and shapes of magnet wire is 
available. Film-coated wire is made with a diameter less 
than that of human hair at one end of the scale and 
rods of *¢ in. or more in diameter and rectangular 
straps of 0.200 in. x 0.500 in. at the other end of the 
scale. 
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Only film insulations are used for wire finer than 
No. 40 AWG wire and only textiles, glass, paper and 
similar materials are used for wire heavier than No. 4 
AWG. Fine wire is used extensively in small relays, com- 
munications coils, and small transformers and ignition 
coils. Medium fine wire is used as starter windings in 
small motors, small power transformer windings, and 
solenoids for higher voltages. 

Medium heavy and heavy wire are chosen on the 
basis of current-carrying ability for motors, transformers, 
power and current relays, reactors, and electromagnets. 
Use of higher operating temperatures reduces the wire 
size for a required rating. 

Square and rectangular wires are used in very large 
motors. generators, and transformers and where ex- 
tremely high space factor is necessary. 

The selection of a magnet wire is primarily determined 
by calculations of wire size and space available for the 
required number of turns. The temperature classification 
should then be chosen and a decision made whether a 
fiber-covered, film-coated or a combination-insulated wire 
is needed. The type of winding, that is, random or form 
wound, bobbin or self-supporting, low- or high-voltage. 
etc., will often narrow the number of types suitable for 
the application. Special environments sometimes dictate 
special types of wire. 

“Plain” enamel* denotes the natural resinous coatings 
used as a standard insulation for some 50 years. They 
are prepared by chemically combining under heat nat- 
ural resins and drying oils, usually tung oil. Plain 
enamel is not adapted to thick films since, as additional 
films are applied, the first films become overbaked. Synthe- 
tic enamel films such as Formvar must be used where 
heavy films are needed. 

Plain enamel, however, has many excellent properties 
which give it second place to Formvar in the industry. 
It is estimated that from 25 to 30 per cent of the film- 
coated wire production in the United States is still plain 
enamel. The low cost of plain enamel, coupled with 
good flexibility, dielectric strength, and moisture resist- 
ance make it the choice for many fine wire applications. 
Plain enamel is used in such devices as ignition coils, 
small relays, luminous-tube transformers, radio and elec- 
tronic devices and many others. 

Plain enamel should not be used where mechanical 
abuse is great, as in automatic winding machines for mo- 
tors, where the additional film thickness of Formvar is 
required for dielectric reasons, and where contamina- 
tion from environment or softening by varnish thinners or 
both conditions may be expected. 

Formvar enamel is the trade name for a synthetic res- 
in mixture based on polyvinyl formal resin. Introduced 
nearly 20 years ago, Formvar, now has captured as much 
as two-thirds of the magnet wire business in the United 
States, including all types. This type has most of the 
properties of a universal magnet wire. Formvar may be 
used in some winding devices where most other mate- 
rials would fail mechanically. It is an excellent choice 





*The singular form “enamel” is used for convenience, but, of 
course, there are different formulations in each of the enamels 
discussed here. 
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for random-wound coils for motors, relays, transform- 
ers, and electromagnets of a variety of sizes. Formvar 
is produced in round sizes from the finest to No. 4 
AWG and in many square and rectangular shapes and 
sizes. 

Formvar is capable of application in a wide range of 
film thicknesses, a feature lacking in plain enamel. At 
each wire size four grades are available: single, heavy, 
triple, and quadruple. Films from 0.0001 in. or 0.0002 
in. thick to greater than 0.003 in. or 0.004 in. are 
produced with Formvar over the entire range of sizes 
and grades. 

Formvar is recommended for class 105 C operation 
when varnished. It is recommended for limited service 
only above 105 C but will withstand short-time over- 
loads exceeding this temperature by a_ considerable 
amount. In addition to its temperature limitations, Form- 
var is subject to solvent crazing. 

Vylon enamel is a modified polyamide resin which 
when applied to wire has many of the mechanical and 
chemical properties desirable in magnet wire insulation. 
It will withstand much winding abuse, is not attacked 
by normal solvents used as varnish thinners, and is cap- 
able of soldering-through at low soldering temperatures 
without prior baring of the leads. 

Suitable for class 105 C operation, nylon enamel has 
a high thermoplastic flow temperature and has excellent 
dielectric strength when dry. It has been used in d-c 
motor armatures, field coils and wherever solderability 
and polar-solvent resistance with high abrasion resistance 
are needed. But it is not recommended where moisture 
conditions predominate. 

\ magnet wire with a nylon jacket over a Formvar 
film combines most of the best properties of both nylon 
and Formvar and can be used in the presence of polar 
solvents without the solvent-crazing effects exhibited by 
Formvar alone. 

Epoxy enamel is based on a synthetic resin best known 
as a casting resin. (10) To be adapted for magnet wire 
coating the resin had to be modified to develop flexi- 
bility, but not at the expense of its inherently superior 
thermal stability and toughness. In its best form, pres- 
ently available, epoxy enamel exhibits all three of these 
properties. In addition, it possesses excellent chemical 
resistance, abrasion resistance, dielectric strength and 
fabrication versatility. Like Formvar, epoxy enamel can 
be applied in a variety of coating thicknesses to all of 
the round sizes of wire smaller than No. 4 AWG and 
most of the square and rectangular shapes. 

Epoxy enamel is capable of 130 C limiting tempera- 
ture operation when varnished with a good 105-C or 
130-C varnish. The epoxy polymers are thermosets with 
typical cross-linked structures. The enamel inherits many 
of the mechanical, chemical and thermal advantages in- 
herent in such thermosets. Epoxy enamel also possesses 
good thermal shock properties, high dielectric strength, 
good moisture resistance, and excellent resistance to sol- 
vents, including acids, bases and oils. Good resistance to 
oil has led to its acceptance in oil-cooled transformers. 
The epoxy enamel also shows quite good resistance to 
the effects of such refrigerants as Freon 22. 


OCTOBER 1957 





TABLE li— 


Advantages and Disadvantages 
eT a Bd od 


Enameled Magnet Wire 


ADVANTAGEOUS 
CHARACTERISTICS 


DISADVANTAGEOUS 
CHARACTERISTICS 






Plain Enamel 


Low cost Overbaking of undercoats limits 
Long favorable field record thickness of coating 
Excellent windability in paper-filled Low abrasion resistance 


coils and where winding abuse is a Poor in high-speed winding machines 
minimum Not as flexible as some synthetic 
Good dielectric strength enamels. 


Compatible with many varnishes 
waxes, impregnating and potting 
compounds 


Embrittles rapidly at temperatures in 
excess of 105 C 


Formvar 


High abrasion resistance 

Withstands high-speed automati 
winding practices 

Very good dielectric strength 

Excellent heat shock resistance 

Compatible with many varnishes 
waxes, impregnating and potting 
compounds 

Can be applied to both round and 
rectangular wire 

Thick coatings possible without 
sacrifice of properties 


Thermal stability limited to 105 C.b 
Tends to solvent craze (polar solvents). 


Self-bonding (cement-coated) Formvar 


Ability to form self-supporting coil by Thermal stability limited to 105 C 
adherence of turns after heat Softened by solvents 
treating or solvent application Can not be used with many varnishes 
Specially shaped coils can be 
produced 
Good dielectric strength 
Good windability, withstanding 
intricate winding abuse 
Excellent abrasion resistance 
Very good flexibility. 
Good heat shock resistance 
Thick coatings possible 
Does not require a varnish 


Nylon 


High rubbing abrasion resistance 
Does not solvent-craze. 
Very high thermoplastic flow 
Very good dielectric strength 
Compatible with many varnishes 
Solderable without removal 

of enamel 


Poor moisture resistance 
Thermal stability limited to 105 C.» 


Nylon—Formvar combinations 


Excellent windability 

High thermoplastic flow 

Good compatibility with varnishes 
Thick coatings possible. 

Protects against solvent crazing. 

High rubbing abrasion resistance 
Good dielectric strength 


Thermal stability limited to 105 C.» 

Embrittles at elevated temperatures 
exceeding 125 C. 

Only fair heat shock resistance 

Affected by moisture. 


(Continued on next page? 
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Chemically inert. Poor adhesion 


| 
: 
When used with another enamel. the Poor corona and radiation resistance. | 





Polyurethane-base enamels (solderable) 


instantly solderable without prior 
removal of film. 

Very good abrasion resistance 

Excellent chemical resistance 

Compatible with many varnishes and 
impregnating compounds. 

Very good heat shock resistance and 
flexibility retention after aging. 

Excellent dielectric strength. 

Superior dielectric loss properties at 
high frequencies and elevated 
temperatures. 

Superior moisture resistance 


Epoxy 


Can be applied in thick to super 
thick coatings. 

Thermal stability allows use at 130 C 

Excellent heat shock resistance 

Excellent dielectric strength 

Very good adhesion, flexibility and 
abrasion resistance 

Compatible with most varnishes 
and impregnating compounds 

High resistance to nuclear radiation 
and corona erosion. 

Can be applied te all round and 
rectangular wire 

Can be used with an all-epoxy 
insulation system for equalization 
of voltage stresses 

Excellent acid and alkali resistance 

Very good moisture resistance 

Very good resistance to effects of 
refrigerants 


Does not hydrolyze in sealed systems 


with moisture present at elevated 
temperatures 

Balance of wetting and surface 
tension properties insure concentri 
iniform film 


Thermal stability limited to 105 C 

Abrasion resistance not sufficient to 
allow high speed automatic 
winding 


initial softening point at 200 C 

Abrasion resistance less than that 
of Formvar. 

Low retention of flexibility upon 
aging at temperatures in excess 
»f 130 C 


Polyester and Modifications 


Thermal stability allows use at 155 C 
Excellent retention of flexibility after 
aging at elevated temperatures 

Good abrasion resistance. 
Excellent flexibility. 

Very good dielectric strength 
High softening point. 

Good chemical resistance 


Silicone (modified) 


Thermal stability allows use at 170 C 
Excellent flexibility retention after 
aging at very high temperatures 
High softening point. 
Good dielectric strength 
Very good moisture resistance 
Good chemical resistance. 
Very good adhesion and 
flexibility 
Good abrasion resistance 


Teflon 


if scaling of copper conductor is 
prevented, thermal stability 
allows use at 250 C.c 
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Poor heat shock resistance 

Tends to hydrolyze in moist 
atmospheres especially in sealed 
systems with moisture at elevated 
temperatures 

ncompatible with some varnishes 
Best results with silicone varnishes 


Poor heat shock resistance 

Incompatible with many varnishes 
Must be used with silicone varnish 

Cannot be used in enclosed or sealed 
systems 

omponents hydrolyze in sealed 
tubes with moisture present 
at elevated temperatures. 

Unbalance of wetting and surface 
tension properties make 
application of enamel difficult 

Softened by toluo!l and xylol 

High cost 


Poor abrasion resistance 
Low cut-through temperature 
Cold flow. 


(Continued on next page) 


Epoxy enamel has very few disadvantages and, like 
Formvar at 105 C, comes close to a class 130 C universal 
wire enamel. The thermoplastic flow temperature of epoxy 
enamel is only 30 to 35 C higher than that of Formvar. 
While adequate for most applications in the 130 C class. 
this deficiency may limit, somewhat, its widespread use. 
Moreover, the abrasion resistance may not be adequate 
in some very exacting winding applications. 

Polyurethane enamel, like the epoxy, was developed 
abroad. (11) The German types of polyurethane have 
been on the magnet wire market in the United States 
for about three or four years. Currently available im- 
proved types have many desirable properties including 
solderability and low loss at high frequencies. 

Polyurethane has excellent moisture and solvent re- 
sistance, chemical resistance, abrasion resistance and 
flexibility. Its thermal stability places its limiting tem- 
perature 10 to 15 C above that for Formvar. Its low 
dielectric losses at radio frequencies and above indicate 
that polyurethane enameled magnet wires should have a 
promising future in applicable electronic fields. Other 
properties make polyurethanes equally acceptable in the 
power fields where they can replace nylon for solder- 
able applications. Polyurethanes will solder more rapidly 
than nylon. 

Certain difficulties with low thermoplastic flow tem 
peratures, encountered with the early types, have since 
been overcome by blending the polyurethane with mod- 
ifying resins. The abrasion resistance may not be sufh 
cient, however, for use on some types of automatic wind- 
ing equipment. But, in general, more experience is 
needed with polyurethanes to ascertain whether any 
serious deficiencies will arise with continued use. 

Polyester enamel is an extremely heat stable resin of 
the terephthalate type. This resin, is capable of long- 
time retention of flexibility at temperatures exceeding 
155 C. Thermal stability tests also show that some poly- 
esters are in class 155 C. With allowances for certain defi- 
ciencies such as heat shock, varnish incompatibility, and 
moisture problems, however, many applications would 
demand that polyester be derated to 130 C for adequate 
safety factor. 

The terephthalate polyesters, used as magnet wire 
coatings, show good mechanical and electrical properties 
with good resistance to most varnish solvents. The mois- 
ture deficiency does not appear in well-ventilated devices 
but becomes apparent whenever hydrolysis attacks the 
film in totally enclosed tests. 

Because of their flow characteristics, polyester enamels 
have presented a more complicated application than that 
for previous standard magnet wire enamels. Progress has 
been made in successful coating of a wide range of round 
wire sizes, but application to rectangular wire has not 
yet been achieved satisfactorily. Since polyesters are 
incompatible with many varnishes, from an aging stand- 
point, it is recommended that only those varnishes be 
used that have been proven by test to be compatible. One 
such varnish is the silicone type. 

Polyester magnet wire would be the choice only under 
the following conditions: (1) when a limiting temperature 
higher than class 105 C is demanded; (2) where ventila- 
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tion is good; and (3) where moisture is not a problem. 
Under ideal conditions, equipment in the 155 C class 
could be designed with polyester enameled wire. 

Copolymers of acrylonitrile and acrylate resins have 
been applied to magnet wire from a water suspension of 
high-molecular-weight polymer particles. These particles 
are fused on the wire to form a smooth tough wire 
coating. The copolymer is particularly characterized by 
chemical inertness and complete resistance to effects of 
refrigerants such as Freon 22. It has good flexibility, 
abrasion resistance and thermal stability. As used in air- 
conditioning and refrigerating hermetically sealed motors, 
the acrylic copolymer enamel is classified as a special 
class 130 C. This is partially due to the inert atmosphere 
within the unit and the exclusion of oxygen and moisture. 

The acrylic copolymer presents many problems in ap- 
plication, however, since the liquid enamel is in an 
aqueous medium and corrosion of equipment is probable 
unless steps are taken to eliminate corrodable parts. The 
inherent susceptibility of acrylic properties to moisture 
is another disadvantage. 

Modified silicone enamel has been in the developmental 
stage for a number of years. The main problem has been 
that of getting adequate flexibility, heat shock resistance, 
and other mechanical properties without losing the out- 
standing thermal stability of the silicone. The use of 
alkyds, and especially, the polyester types of modifiers, 
has led to an enamel which has some of the desirable prop- 
erties of good magnet wire but must still be used with 
care. The design engineer, aware of the facts, usually 
can find ways of using the wire by designing-around the 
shortcomings. 

Major problems for modified silicone enamel are lack 
of heat shock resistance and cracking or crazing follow- 
ing application of varnishes and baking of coils. All sharp 
bends must be eliminated and a lower temperature and 
longer baking period for the varnish is recommended. 

Silicone enamel, of the present type, has qualified for 
class 180 C operation by twist tests run according to 
AIEE 57. (12) Under ideal conditions this could be 
attained. However, the deficiencies dictate a conservative 
rating of 155 C plus to the enamel. 

Polytetrafluoroethylene or Teflon (Du Pont’s trade- 
mark) is applied in a water suspension similar to its 
Lecton acrylonitrile enamel. For adhesion to the copper 
wire, a base coat that etches the metal, is first applied. 
The Teflon film has a fair adherence to the copper but 
can be torn easily by usual winding practices. 

The normally high-temperature life of Teflon is lim- 
ited in magnet wire application to temperatures at which 
the copper does not oxidize rapidly. This temperature 
is somewhere between 180 C and 220 C and may be 
close to 200 C. For service above this temperature a 
protected (plated or clad) conductor is necessary to 
prevent “swelling” and degradation of the Teflon film 
which may be caused by the fluorine in the insulation as 
well as by oxidation. The use of a plating metal, such as 
nickel, however, makes it impossible to improve adherence 
by etching the base coat. Thus, Teflon-enameled plated or 
clad wires encounter even greater difficulties with skinning 
and poor abrasion resistance than unprotected copper wire. 
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Chemically inert. 

When used with another enamel, the 
Teflon coat acts as a high 
temperature cement consolidating 
the windings for good heat 
transfer and sealing out oxygen 

Will withstand temperatures as high 
as 326 C without embrittlement 

Excellent flexibility 

Good dielectric strength 


Teflon over silicone 


High thermoplastic flow temperature 

Thermal stability allows use at 
250 C. 

Abrasion resistance adequate for 
hand winding only. 

Chemically inert. 

Teflon acts as a gas sealant and 
cement coat allowing better heat 
removal. 

Overtemperatures to 275 C can be 
tolerated for long periods 

Excellent space factor compared with 
glass insulated magnet wire 

Good dielectric strength 


Teflon over ceramic 


Excellent cut-through point 

Thermal stability allows long time 
use at 220 C, short time use at 
250 C. 

Good dielectric strength 

Teflon cements windings improving 
heat transfer 

Chemically inert. 

Excellent space factor compared 
with glass served magnet wire 


Hermetic operation (Acrylic) 


Excellent chemical resistance 
including Freon 22. 

Very good abrasion resistance 

Excellent flexibility and adherence 

Very high softening point. 

Good dielectric strength 

As used in hermetic motors may be 
operated at 130 C class 


Chrome-oxide filled enamel 


Thermal stability good 

Excellent space factor 

Good dielectric strength 

Good adherence. 

Can be supplied on large round 
and rectangular wires 


aTable Iii identifies commercial designations 
bThe 105 C temperature is to be considered as a limit assigned to yield an 
arbitrary measure of life, rather than a temperature, beyond which, the 


insulation will fail 


Oxygen or fluorine may be the cause of copper scaling 











\ 
1 
| 
| 
Poor adhesion \ 
Poor corona and radiation resistance | 
Affected by copper oxides. | 
Does not prevent migration of oxygen } 
through film. | 
Will not adhere to such surfaces as 
nickel or silver. 
Presence of water and the granular 
nature of the Teflon in liquid makes 
application a difficult one 













































Fair flexibility for the silicone; 
always covered by Teflon with 
excellent flexibility. 

Requires nickel-covered copper or 
other oxidation protection. Adds 
to cost. 

Highly expensive application of 
materials 

Most varnishes are inapplicable; 
silicone only fair. 

Abrasion may tear Teflon and expose 
silicone to oxidation. 

Adherence of silicone to nickel only 
fair 






























































Ceramic layer has poor flexibility 
but the Teflon coat has excellent 
flexibility. 

Teflon torn easily in handling. 

If used on copper wire, oxides of 
copper swell ceramic and Teflon 
disrupting coat and embrittling 
Teflon. 

Poor adherence to nickel coatings 

Most varnishes inapplicable 





















































Presence of water and ammonia in 
enamel make application a 
corrosive one. 

The granular nature of the liquid 
makes application a specialty 

Poor moisture resistance 












































Moisture resistance low 

Flexibility somewhat low 

Supplied only in larger sizes 

Cannot tolerate stretching or sharp 
bending 

Embritties with aging 










































Cnomwmnsled 


magnet wire 


«* 


... aluminum, as a cladding 
metal, appears excellent for 
protection of copper...” 


One method by which this problem has been resolved 
has been to use, on a laboratory scale, pigmented sil- 
icone as the base coat over nickel-plated wire which is 
then enameled with the proper amount of polytetra- 
fluoroethylene. This magnet wire, not available com- 
mercially, has fair mechanical and physical properties 
and gives thermal stability up to 250 C. 

Still another commercially, first 
covers the conductor with a thin fused coat of ceramic 


method, applied 
and then applies Teflon over it. This wire has surpris- 
ing flexibility for the materials used but must be handled 
and wound with extreme care to prevent failures in com- 
pleted units. One difficulty with the wire in its present 
form is that it has no oxidation protection for the con- 
ductor. If used above 200 C or, at the most, 220 C the 
insulation is lifted from the wire by oxide formation. 
Complete disintegration is inevitable in a relatively short 
time after the appearance of the oxide formation. Pro- 
tection from oxidation of the conductor is necessary if 
this wire is to operate successfully for a full commercial 
life above 200 to 220 C. 

Enamels applied over such base materials as anodized 
aluminum (aluminum oxide on aluminum wire) should 
also be discussed as possible combinations for future 
higher temperature applications. It is known that the 
substitution of aluminum for copper as a conductor can, 
in some cases, result in higher thermal stability. Thus, 
when Formvar is applied to aluminum wire and twist 
samples are prepared, varnished and tested according to 
AIEE 57, there is a 15 to 20 C upgrading of the wire 
as compared with copper. This is explained by the fact 
that copper shows some catalytic action in the aging of 
the enamel while aluminum does not. This advantage 
obtained with aluminum is not completely realizable 
owing to the decreased conductivity of the conductor and 
the greater conductor loss, unless a larger size of alumi- 
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num wire is chosen (two AWG wire sizes larger for ap- 
proximately equal loss). If, however, a layer of alumi- 
num oxide is produced on the aluminum wire prior to 
enameling, a combination is achieved that is not only 
non-catalytic but has advantages of inorganic spacing 
for ultimate protection against thermal cut-through on 
overloads. 

The use of the anodized aluminum wire as self-insu- 
lated wire appears to have limited application. The oxide 
layers produced to date have been beset with defi- 
ciencies of brittleness, low dielectric strength, poor mois- 
ture resistance, and poor abrasion resistance. Combined 
with heat-resistant resins, they are more likely to have 
a much wider range of application. 

High temperature conductors, as mentioned previously, 
must be considered for operation exceeding 200 C. Cop- 
per, unprotected, begins to scale at this temperature and 
insulation itself is of littke permanent protection against 
this attack. 

There are a number of plating and cladding metals 
for copper that have been investigated. The most prom- 
ising are nickel, silver, brass, and aluminum. The first 
three may be applied by plating and the last two by 
cladding. Nickel is excellent for protection but has the 
two drawbacks: (1) low conductivity and (2) poor 
drawing characteristics. Silver is free from these defi- 
ciencies but has three of its own: (1) diffusion of cop- 
per ions through the silver to cause oxidation; (2) loss 
of silver by oxidation: and (3) high cost of metal. Brass 
plating or cladding will slow down the oxidation to such 
an extent that 200 to 220 C operation would be possible. 
Moreover, brass draws well with copper. Brass, however, 
has low conductivity even if 85-15 brass is used. Another 
possible deficiency of brass, at high temperatures, is 
that the zinc in brass migrates to the surface. 

Aluminum, as a cladding metal, appears to be ex- 
cellent for the protection of copper. The aluminum 
quickly forms a self-protective oxide that does not con- 
tinue to grow as would copper oxide. The aluminum 
oxide, as noted, is also a better insulator than copper 
oxide. The difficulties with aluminum cladding lie with 
(1) its connection problems, (2) corrosion possibilities 
with moisture and copper, and (3) lowering of overall 
conductivity by amounts necessary for successful clad- 
ding. 


Relation of Magnet Wire Deficiencies 
to Areas of Application 
The deficiencies of magnet 
into two groups: 


wire may be classified 


1. Those affecting winding, forming, installation and 
impregnation operations; 

2. Those affecting the life of a device such as thermal 
stability, moisture resistance, vibration, and voltage 
endurance. 

Electrical apparatus itself may be divided into static 
and dynamic groups. The former includes transformers, 
reactors, chokes, and relays with minor moving parts. 
The dynamic devices are motors, generators, large sole- 
noids and relays, and large contactor controls. 
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Table I1I—Manufacturers and Types of Enameled Magnet Wire’ 


Polyviny! 
formal 
base 
(Formvar) Formvar 


Plain 


Magnet wire manufacturers enamel 


Acme Wire Company Enamelite 


American Steel & Wire Company 


Anaconda Wire & Cable Plain Enamel 


Plain or Black 


The Electric Auto-Lite Company 
Enamel 


Belden Manufacturing Company 8¢!denamel 


Plain or Black 


Essex Wire Corporation Domnat 


General Cable Corporation Plain Enamel 


General Electric Company 


Hitemp Wires, Incorporated 


Hudson Wire Company Plain Enamel 


(Winsted Div.) 


Kennecott Wire & Cable Plain Enamel 


Packard Electric 


Phelps Dodge Company Plain Enamel 


Rea Magnet Wire Company Enamel 


Roebling 


J.A. Roebling's Sons Company Samat 


Sprague Electric Company 


Tensolite Specialties Company 


Warren Wire Company Plain Enamel 


Westinghouse Electric Company 


Wheeler Insulated Wire Plain Enamels 


*Editors’ Note: This list has been compiled from several 
industry sources, primarily from the Trade Name Index 
in the excellent ‘Directory of Magnet Wire Types and 
Trade Names,”’ issued by the Essex Wire Corporation, 
Fort Wayne, Indiana. The equally excellent ‘‘Enamel & 
Magnet Wires,” published by the General Cable Corpor- 
ation, New York 17, N. Y., has also been drawn on for 
this information. Every effort has been made to achieve 
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Formvar 


Amvar 


Formvar 


Formvar 


Formvar , 


Formvar 


Formvar 


Formvar 


Formvar 


Formvar 


Formvar 


Roevar 


Formvar 


Formvar 


Thermal Classification, Resin Type, and Trade Identification 


Class 105 € 


Poly- 
urethane 
base 
(solderable) 


Self- 
bonding 


Formvar- 
nylon 
combinations 


Formbond Polyvar 


Amvar-Nylon 


Cement- 
Coated 
Formvar 


Nyform 


Class 130 € Class 180 € Special (Class 130 C) 


Polyester; 

Epoxy; 
combinations 

and modifications 


Silicone; 
Teflon); 
Modifications 


Acrylic-base°; 
Pigmented Oxide 


Isonel and 
Alkanvar 


Epoxy 
Isonel 
Anatherm 


Lecton 





BondALite NyALite SodALite 


Formbond Nylclad Beldol and 


Beldgrip 


IsALite LectALite: 


Vegad 


Alkanvar 





Bondex Nyform Soderex 


lsonel 
Thermalex 


Siliconea Acrylexc 





Formeze Formion Enamel G 


Isonel Lecton 





Formex 


Alkanex 








Thermester-L Tempriteb 


Thermalona 





Bondvar Nylvar Nu-Ezsol 





Nyform Solder Film 


Alkanex and 
lsonel Enamel 


Silicone Enamela 





Bondeze Nyform Soldereze and 


Gripeze 


Koilset 


Formvar- Solvar 


Nylon Comb. 


Roebond Roevar-Nyion Roebling 


Polyurethane 


Bondvar Nylonel Nyform Polyurethane 


Formbond Dipsol Polysol 


accuracy and completeness; however with so many types, 
classifications and proprietary names in the magnet wire 
enamel and magnet wire industries, some inadvertent 
ommissions are always possible. If any are found, the 
Editors would be glad to have them called to their atten- 
tion. Since the main purpose of this tabulation is identi- 
fication of manufacturing sources and types of enameled 
magnet wire produced, no attempt has been made to 


Thermaleze and 
tsonel 


Syikyda 


Alkanvar Isonel 


Ceroc, CerocSSa, 
CerocSTa.b, 
CerocTb, 

Tetrocb 


Teflon 


Silicone and 
Isonel 


Teflon 


Bondar 


distinguish between proprietary names for enamels (such 
as, among others, DuPont’s Teflon and Lecton and Dow 
Corning’s Sylkyd) and proprietary names for magnet wire 
(such as General Electric’s Formex). Generally, magnet 
wire manufacturers identify their products by combining 
generic names for enamels with trade marks. 





‘** . . Freon resistance essential 
in magnet wire used in herme- 
tically sealed refrigeration 
equipment...” 


The deficiencies of a magnet wire may rule out its 
use in one type of equipment while they may be of no 
serious consequences for use in other types. Thus a wire 
not suitable for use in random-wound motors because 
of abrasion deficiency, might be used in a static device 
where windings might be precision wound. Deficiencies 
affecting the life of apparatus will be discussed first. 

Thermal overloads are cumulative in decreasing the life 
of a device. The temperature rise and length of time 
for each excursion above the limiting temperature must 
be determined to estimate the extent of thermal life lost 
due to each abnormality. Magnet wire deficient in 
thermal stability will be more affected by these overloads 
than other wires in the same class with better thermal 
properties. Power tools are an example of applications 
where a thermal deficiency may be quite an important 
limitation. Frequent overloads demand an adequate 
thermal capability for the magnet wire used. It may be 
necessary to choose a magnet wire of a class higher than 
105 C to allow for hard usage and frequent overloads. 

A rise in the hottest spot temperature above the 
thermoplastic flow temperature, as a result of severe 
overloading, may cause softening of the enamel film, 
turn-to-turn shorting, and burn out of the apparatus. 
This is an especially critical consideration in newly 
wound machines because winding pressures may not 
have been relieved and softening points for varnish and 
enamel may be still at the lowest values in the life of 
the machine. Film insulations deficient in thermal sta- 
bility should be limited to use in equipment not subject 
to overloading. Enamels must have thermoplastic flow 
temperatures in excess of 65 C above the class limiting 
temperature for the enamel. Thus Formvar (class 105 
C) has a flow temperature at 170 C or above. 

Equipment subject to frequent and severe thermal 
overloads may require the addition of a fibrous cover- 
ing over the film insulation. 
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Moisture resistance is most needed where equipment 
lies idle in humid atmospheres between duty cycles. It 
is also needed in applications where much cleaning is 
necessary (as in food and dairy plants) and where con- 
tamination (as in chemical plants) must be kept at a 
minimum. Polyurethane has been found to have the best 
moisture resistance of all magnet wire film insulations. 
Second to this is epoxy enamel. Both of these are far 
better than Formvar and nylon-clad Formvar in this re- 
spect. 

Acid and alkali resistance are other properties needed 
in equipment designed for use in food and dairy plants 
where much cleaning is done. Dilute solutions of both 
acids and bases must be tolerated by the magnet wire 
specified for these applications. 

Oil resistance is needed in oil-cooled transformers. A 
deficiency in this property limits the use of an enamel 
to varnish-impregnated coils since a softening in oil can 
lead to complete breakdown of the apparatus. Many 
enameled wires with many good properties are deficient 
in oil resistance. Plain enamel, Formvar, and epoxy 
enamel are examples of types that can be used in oil. 
Chlorinated cooling liquids are particularly deleterious 
to film coatings. 

Freon resistance is an essential characteristic in mag- 
net wire used in hermetically sealed refrigeration equip- 
ment, where the wire comes in contact with the refriger- 
ant (liquid and gaseous). The modern shift to Freon 22 
has made this requirement even more critical, since F22 
is a much more active solvent for organic coatings than 
other refrigerants. Many wire enamels, including 
Formvar, are softened in various degrees by F22. Al- 
though Formvar has been used for several years with 
F22 with apparent success, epoxy enamel and the acrylo- 
nitrile enamel show better stability than Formvar. 

Because of the danger of gumming and contamination 
of closely machined parts in the compressor units, mag- 
net wire for refrigeration equipment must also show lou 
extractibility in solvent extraction tests. For accelerated 
life test purposes, the wire samples are extracted first in 
toluol and later in ethyl alcohol. The permissible com- 
bined extractibles must not exceed 7 per cent. Enamel 
resins that pass this test would be subject to a minimum 
of solvent extraction during the lifetime of the refrigera- 
tion equipment. 

Varnish compatibility, as used here, is the term given 
to the condition where a varnish applied to a magnet 
wire does not degrade the thermal life of the wire, but 
actually helps to improve it. The lack of varnish com- 
patibility is a serious deficiency with some of the new 
higher temperature enamels. In miniaturized equipment. 
where design is based on an expected long life of the 
magnet wire at elevated temperatures, the application 
of an improper varnish could cause early failure. The 
design engineer should be aware of these possible defi- 
ciencies and should specify only those varnishes that 
will assure attainment of the life expectancy of the 
equipment. 

Although dielectric strength deficiencies are not as im- 
portant in magnet wire as in ground insulation, there 
are some applications where it is desirable to have con- 
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siderable dielectric strength. Switching surges may occur 
during the life of the device making turn-to-turn dielec- 


tric strength important. “Moisture-bridging” and con- 


tamination can cause failure of film insulation with low 
dielectric strength. ‘ 
are many: 


The causes of low dielectric strength 


Thermal aging and cracking 
Poor continuity of film 
Poor heat shock resistance 
Winding damage 
Moisture absorption 
Poor resistance to hydrolysis 
Poor resistance to chemicals 
8. Low thermoplastic flow temperature 
9. Presence of vibration 
Ventilation is necessary for some magnet wires. 
example, silicone enamel or varnish treatment. 
used in totally machines, will deteriorate 
giving off molecular fragments of a variety of 
compounds from silicon dioxide to more complex sil- 
oxanes. Certain of these byproducts of the aging process 
may be deposited on exposed metal surfaces and may 
contaminate or abrade such parts as the commutators 
and the brush system, 
and replacement costs. 


For 
when 
enclosed 
slowly, 


thereby increasing maintenance 
Adequate ventilation would re- 
move most of these byproduct materials before they 


are 
deposited.* 


Other polymers upon aging may split off such by- 
products as phthalic anhydride, water, phenols, chlori- 
nated compounds, and acidic materials. These materials 
can react with the remaining insulation to accelerate the 
disintegration process. All totally enclosed devices 
should contain carefully chosen materials that are both 
chemically compatible and non-contaminating. 

The polyester wire enamels are very sensitive to mois- 
ture in enclosed systems. They have been shown to 
undergo hydrolysis with water at 130 C and 150 C i 
sealed glass tubes. This deficiency of polyester eae 
would generally limit the use of the wire to well-ventilated 
apparatus. 


Vibration in rotating machines, large contactors. and, 


to a lesser extent, in some static devices such as trans- 


formers can be a problem where windings are loose. 
Eventual abrasion to failure is a possibility if the move- 


ment is on the wire enamel surface. Vibration also 


hastens the aging process by aiding in the cracking and 
removal of the film. This is not a deficiency of the wire 
itself unless evaporation or corona attack causes a loss 
of film thickness. Some wire enamels are expected to 
withstand flexing and vibration effects to a higher degree 


than others. However, vibration should be reduced as 


much as possible. Where vibration is unavoidable. full 
impregnation should be used. 

*There is a variance in opinion on this point. In the experience 
of some users of magnet wire, modified silicone enamel does not 
generally cause brush wear. This effect is believed to be 
caused only by some silicone varnishes—The Editors. 

tOne company reports that some 100 totally enclosed fan 
cooled motors wound with polyester-modified silicone enameled 


magnet wire have given no trouble even when moisture collected 
inside the frames.—The Editors. 
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Extreme cold embrittlement of film-coated magnet 
wire is encountered in exposed northern sections in 
winter and in airborne apparatus at high altitudes. Crack- 
ing can occur if unequal contraction is a problem. Many 
wire enamels will embrittle in, 
peratures, if not flexed. equipment is also 
subjected to condensation upon return to the lower at- 
mosphere. 


but survive, cold tem- 
Airborne 


This combination often proves too severe for 
magnet wire so that much of the airborne equipment is 
protected by embedment, encapsulation or potting by 
casting resins or is sealed against moisture. 

Salt atmospheres, on shipboard and along the coasts, 
add conductivity to the moisture problem. This is a con- 
dition where deterioration from aging deficiency is most 
evident. The first sign of cracking will be the end of life 
because of the conductivity of the contaminant. Often 
complete resin embedment of equipment is necessary. 
wire best fills this need. However, nylon, epoxy, nylon- 
Formvar and polyester can be used in some high-speed 
winding applications. 

It is well known that corona attacks are not easily 
sustained by organic films in general. Wire enamels are 
no exception to this rule. form in and 
around windings on motors and other equipment at line 
voltages as low as 440 volts a-c 


Corona can 


The evidence points to 
disintegration of the film and varnish where air pockets 
exist. This hazard can be reduced by the elimination of 
1ir spaces in the winding, especially as it meets ground 
insulation. A complete impregnation of the windings and 
magnetic parts will insure elimination of air pockets. 

Nuclear radiation, as in atomic piles, also produces 
adverse effects on film insulation. (13) Effects from mild 
radiation will not be as physically evident as those 
caused by larger doses. Higher electrical losses may 
occur, however, without evidence of mechanical degrada- 
tion of the film-coated wires. Epoxy-enameled wire ex- 
hibits less change in dielectric losses under mild irradia- 
tion than other common enamels such as Formvar. 

High frequency loss for magnet wire plays an im- 
portant role in the use of wire in electronic equipment. 
High-loss enamels on wire produce poor coils. Poly- 
urethane, as mentioned sialebabarli has low 
loss characteristics over the normally used frequency 
bands. Solderability and low loss make polyurethane a 
very desirable wire for electronic equipment. 

Heat shock deficiency is of major consequence. Mag- 
net wire, when sharply bent, may crack on a prebake 
or during varnish baking of finished coils or windings. 
Enamels with this deficiency will therefore be limited to 
applications requiring no sharp bends. In rectangular 
wound coils, where wire is being continually bent at 
right angles, good heat shock resistance is particularly 
important. 

Other devices requiring magnet wire with heat shock 
resistance are those that use large round and rectangular 
film-coated wire with sharp bends at 
overs. 


dielectric 


leads or cross- 


Abrasion resistance deficiency is serious in high-speed 
automatic winding machines. Good abrasion resistance 
is of course needed for most winding techniques but for 
automatic winding superior abrasion resistance is essen- 
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** |. when is it economical to 
use aluminum? ... answer to 
this question is complex .. .” 


tial. Of all available magnet wires, Formvar-insulated 
wire best fills this However, nylon, epoxy, 
nylon-Formvar and polyester can be used in some high- 
speed winding applications. 

Flexibility and adherence deficiencies are revealed 
during winding of rectangular coils, diamond-shaped 
coils and other special shapes, since the wire must stand 
up under sharp bends and possible stretching during 
winding. High-speed coil-winding may in general also 


need. 


uncover this type of deficiency. Cracks, unseen at nor- 
mal vision, may be picked up by turn-to-turn voltage test- 
ing as with surge voltage equipment. 

Conductor hardness sometimes creates winding difh- 
culties. This is most acute in specially shaped coils where 
spring-back problems make a soft wire necessary. Space- 
factor problems in many applications also demand a 
soft wire. This practice can be overdone, however, where 
very soft magnet wire is excessively stretched. For ade- 
quate mechanical characteristics, not only should the 
tensile strength be in the range of 35,000 to 38.000 psi 
but the elongation also should be as high as possible. 
Thus, the best performance may be expected from wire 
showing the largest area under the load-elongation curve. 

Space factor deficiency is becoming an increasingly 
acute problem since designs are pointed to smaller 
units able to handle the same loads as larger predeces- 
sor units. Ability to solve this problem helps to achieve 
lightness, compactness, competitive design, cost saving. 
and a more efficient use of materials. Based on several 
considerations, film-coated round wire in the thinnest 
grade possible, is the first choice. Film-coated square 
and rectangular wires have even higher space factors. 
Small motor designs, in particular, lack space for wind- 
ings. 

Solvent resistance is a problem that arises in varnish 
treatment processes as well as in use of finished wire. 
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Some enamelts are sottened by varnish thinners, others 
are subject to cracking or crazing. Suitable selection of 
varnish is obviously necessary with specific enamels. 

Edgewise bending of enameled rectangular wire pre- 
sents serious problems in flexibility and adherence, and 
possible heat shock. Formvar and epoxy enamels are 
able to withstand this treatment. At the present state of 
the art. polyesters and silicone enamels present some 
difficulties in this area. 

Certain other deficiencies in magnet wire properties 
create no serious problems: 


1. A deficiency in dielectric strength such as might be 
shown by a thin film with a maximum allowable num- 
ber of breaks per 100 ft would be no disadvantage where 
turn-to-turn voltages were very small or where layer in- 
sulation is used. Many applications for magnet wire do 
not require an _ especially high 
tric strength. 


value of  dielec- 

2. Where extra abrasion resistance, additional dielec- 
tric strength, moisture resistance, or cut-through safety 
factor are urgently needed, a space factor deficiency for 
quadruple films or combinations of films and fiber may 
he of secondary importance. 


3. In expendable components, as used in some mil- 
itary applications, a deficiency such as low thermal sta- 
bility may not be important since life may be a small 
fraction of that expected commercially. 


1. Deficiencies in chemical resistance may be unim- 
portant in applications where care has been taken to 
eliminate exposure to chemicals or where operation does 
not allow such exposure. 

To permit the use of certain enamels otherwise desir- 
able. the design engineer needs to design his device so 
as to minimize or eliminate the deficiencies of many 
of the available wire enamels. This step is particularly 
necessary where it is desirable to take advantage of the 
high thermal stability of certain enamels. 


Conductor Materials 


No other useable metal, except silver and gold, has 
a conductivity as high as that of copper. With properties 
unmatched even by metals such as aluminum, copper has 
always satisfied the needs of the electrical industry. But 
more recently, there have been at least two areas in 
which copper has been challenged in the magnet wire 
field. The first is that of elevated temperature defi- 
ciencies. This has been discussed previously. The second, 
at times, has been that of availability. 

When is it economical to use aluminum? (14, 15) 
For many magnet wire applications, the answer to this 
question is quite complex. Aside from the question of first 
cost of the magnet wire, which shows aluminum favor- 
able at a low differential between base metal prices 
(despite the larger size of wire necessary for aluminum 
on an equal loss basis), the design engineer must face 
the use of larger frame sizes, connection difficulties with 
leads, corrosion hazards, lack of mechanical strength at 
high temperatures, and restricted size range because of 
present unavailability of film-coated fine aluminum wire. 
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It turns out that no serious thought is given to alumi- 
num magnet wire until there is a base price ratio of. 
at least, 2:1 for copper over aluminum. This is con- 
siderably in excess of the equal-wire-cost point and rep- 
resents the profound effect of the problems of aluminum 
wire usage on the magnet wire field. 

Aluminum wire has such a marked deficiency in 
mechanical strength at enamel baking temperatures that 
film-insulated wire is not generally available in sizes finer 
than No. 26 AWG, although some companies have made 
finer wire. If aluminum is used for high-temperature 
air-cooled transformers more supporting insulation than 
usually needed for copper is necessary to prevent sagging 
of coils in operation. 

There have been a number of methods advanced for 
making connections with aluminum wire and cable. They 
are, in general, more expensive than connections with 
copper or other metals. Steps need to be taken to eliminate 
moisture from these connections where copper is present. 
Pressure connectors are often inadequate due to the re- 
laxation of the aluminum under pressure. Welding appears 
to have the best chance of success for smaller wires. 
while a “cold weld” by pressure may be the most useful 
for larger wires, especially rectangular in shape. 

Tinned copper is supplied for magnet wire only in 
special applications where readily solderable leads are 
a necessity. This application has been filled by the use 
of solderable films of nylon and polyurethane which 
make tinning unnecessary in most cases. 

Magnet wire, consisting of an all-brass conductor, has 
heen produced for special applications where increased 
resistance over copper is required. 

Copper-clad iron magnet wire has also been used in 
small amounts. Applications for this wire call for stiff- 
ness or resiliency and may include certain high-fre- 
quency uses where the current, due to skin effect, may 
be carried entirely by the copper cladding. Experimental 
work has also been done in aluminum-clad copper. 
(16) 


Mechanical Nature 
of Copper and Aluminum 


Copper anneals and becomes soft at enamel baking 
temperatures. As it emerges from the oven it passes over 
several sheeves and is spooled. These operations all work 
the wire and harden it slightly. The larger wires must 
be passed over larger sheeves to minimize work harden- 
ing. Spools and reels are of larger diameter for larger 
wire for this same reason. When used, the wire is un- 
spooled, meets several more sheeves, and finally is 
wound on the coil which may be of small diameter. 
After this total working, the copper may be harder than 
is desired. The user can help this situation by selecting 
larger sheeves and, if possible. fewer sheeves at the 
winding machine and also making sure that the wire is 
not being stretched in winding. 


Aluminum wire also anneals in the baking of the 
enamel. Like copper, cold working will also harden 
aluminum. Aluminum wire, which has a much lower 
tensile strength, is more easily stretched than copper 


OCTOBER 1957 


TABLE IV—Principal Standards 
Applying to Enameled Magnet Wire 


NEMA has a standing committee of representatives of the companies 
interested in magnet wire, who are preparing and have issued specifications 
for wire which become accepted standards for the industry. A number of 
such standards now are in preparation or are in use. The specifications for 
enameled magnet wire in various stages of completion, are 

given in the following list: 


MW— 1 Enameled Round 
MW— 6 Nylon Enameled Round 
MW — 7 Ceroc-S Round 

MW— 8 Ceroc-T Round 


MW— 16 Polyviny! Acetal Round for 
Hermetic Motors 

MW-—17 Nyform Round 

MW-—18 Polyvinyl Acetal 


MW— 9 Silicone Enameled Rectangular 
Round MW—19 Polyvinyl Acetal Cement 
MW-—10 Teflon Round Coat Round 


MW-—15 Polyvinyl Acetal Round MW-53 Class 130 C Enameled Round 


2 ASTM has issued several specifications and standards pertaining to the 


conductors of magnet wire. There are no ASTM standards for testing 
finished magnet wire at the present time 


3 AIEE test procedures have been published related to the thermal life of 


magnet wire and other allied insulation. Those procedures most 
affecting enameled magnet wire are: 


AIEE 57—Proposed Test Procedure for Evaluation of the Thermal Stability 
of Enameled Wire 

AIEE 510—Test Procedure for Evaluation of Systems of Insulating Materials 
for Random-Wound Electric Machinery 

AIEE 1E—Guide for the Preparation of Test Procedures for the Thermal 
Evaluation of insulation Systems for Electric Equipment 


4 ASA after appropriate review and approval of proposed American Standards 


will issue standards with its own designation. Thus the NEMA standard 
specification for enameled wire is: 


ASA (C 9.1) Enameled Wire—1953 


5 1EC (International Electrotechnical Commission) activity has had little effect 


on American enameled-wire specifications. However, in the area of 
standards of copper density and resistivity, there has been close cooperation 
between this group and the related American organizations. The work 

of the AIEE in determining thermal stability of insulation by test 
procedures has received much support by the IEC which is also engaged in 
reclassification of electrical insulation bringing in the many new 


materials which no longer fit the former classes based solely on 
chemical nature. 


6 ASESA (The Armed Services Electro-Standards Agency) has had an 


important effect on the magnet wire standards of this country. ASESA 
prepares and issues joint Army, Navy, and Air Force specifications 

for magnet wire. In order to receive ‘‘Qualification Certificates” covering 
certain kinds of wire, the wire manufacturers must meet these 
specifications. The present specification, issued as MIL-W-583 A in 1956, 
covers, among others, all film insulated magnet wire except the very 

high temperature varieties which are covered by a Bureau of Ships 
specification, issued for trial use and bearing the number MIL-W-19583. 


7 The Underwriters’ Laboratories have, until very recently, been concerned 


with complete units for use of electric energy. Through tests at the 
Laboratories, units were approved, or disapproved. However, certain 
extension cords, and wires, and connection sets were treated in 

this manner also. Recently UL made the decision to evaluate the polyester 
type of magnet wire for approval in motors and other electrical devices 
operated at temperatures in excess of 105 C. Thus, polyester magnet wires 
are now approved by UL for class 130 C operation as the result of these 
tests. This action has not been duplicated for other wire enamels that 

also show higher temperature stability according to AIEE test procedures. 











wire and this must be avoided in winding of coils. 

Square copper and aluminum wires resist bending 
greater on an axis parallel with the sides of the cross- 
section than on the diagonal. This makes twisting to an 
unwanted “diamond-shaped” turn probable unless steps 
are taken to prevent it. 

Edgewise bending of flat rectangular copper and 
aluminum wires requires considerable lateral pressure 
to keep the inside edge from bowing. 


Summary 


Magnet wire is available in some 300 different varie- 
ties with a wide range of properties and uses. The largest 
group is the enameled wire type discussed in this review. 
To this group belong such desirable properties as thin- 
ness of coating (excellent space factor), excellent flexi- 
bility, high dielectric strength, good moisture resistance, 
and, recently attained, high thermal stability. 

Enameled wire (both synthetic and natural) is not 
immune from certain problems, such as thermoplastic 
flow. Abrasion resistance is often another problem when 
enameled wire is used in automatic winding machines, 
whereas cotton will take much more abuse. Some of the 
effects of heat shock and aging on enameled wires is not 
encountered on fiber-covered wires. But the acceptable 
enameled wires are generally high in these questionable 
areas of properties and perform satisfactorily in most 
cases. Where exceptions exist, combinations with fibers 
and enamels are available to overcome the defects. 

There are, of course, some applications where fiber- 
insulated wires seem well entrenched and may not be 
replaced by enameled wire in the foreseeable future. 
Nevertheless, enameled wire has made much progress in 
taking over a large part of the small motor business and 
is unequalled in small coil applications. With advances 
in organic and silicone enamels and varnishes toward 
higher thermal stability, it may be predicted that much 
greater use will be made of enameled wire, especially for 
miniaturization of electrical devices running at higher 
temperature. On the other hand, advances with the use 
of Dacron in glass servings and thin asbestos with glass 
may forestall the enamels from replacing fiber insulation, 
especially in the rectangular wire field. The characteristics 
and application of fiber-insulated magnet wire (also 
fiber-enamel combinations) are to be treated in a separate 
article. 

The future of magnet wire will be guided by the de- 
mands from industry and the military. Industry is de- 
manding wire for 220 C use in dry-type transformers. 
There is a great need for labor-saving types of magnet 
wire like the solderable magnet wire and cement-coat 
types. And having worked out several types of wire for 
up to 250 C, industry now has visions of filling the 
military needs for 500 C magnet wire. O00 
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Airborne 
Power Supplies 





Multivibrator circuit and transformer design 
for a cathode ray tube high-voltage 
supply and transformer design for a d-c to d-c 


converter for a telemetering package. 


A. Transistorized Cathode Ray Tube 


High-Voltage Supply 


M. S. CHESTER, 

Electronics Division 

WESTINGHOUSE ELectric CORPORATION 
Baltimore, Maryland 


DESIGN CONSIDERATIONS for a high-voltage power supply 
for cathode ray tube military applications include reli- 
ability, ruggedness, compactness, good regulation and 
high efficiency. Usual requirements will fall in the 2-15 
kv range with loads of a few microamps to a few milli- 
amps. 

The most suitable methods of supplying the necessary 
high-voltage d-c involve the step up of an a-c voltage 
by means of transformer action. This voltage may be 
the a-c line or it may be a chopped or inverted d-c. 

Filter components are quite large for standard 60 cps 
line frequencies and are not optimized even if a 400 cps 
generator is available. For this reason a variety of os- 
cillator-type supplies which operate at higher than line 
frequency have been successfully used. 

Audio-frequency and radio-frequency oscillators fall 
in this class. Their wave form is more or less sinu- 
soidal and the step-up transformer is their load. Such 
oscillators generally use tubes and require critical tuning 
adjustments so they are less than desirable for rugged 
military use. 
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A class of interrupters which successfully operate at 
higher than line frequencies include the electromechan- 
ical vibrator, the pulse or blocking oscillator and the 
inductance charging generators. (])* These interrupters 
have drawbacks such as fast wearing mechanical parts 
or poor regulation due to small duty cycle charging. 

Since the advent of transistors, another type of in- 
terrupter has been developed which more nearly meets 
the demands of the military than any of the above men- 
tioned types. (2) The transistor multivibrator provides 
a square wave output but does not have the limitations 
of moving parts or the severity of switching transients 
that a mechanical inverter has. 

Operation of the typical circuit shown in Fig. 1 may 
be described as follows: Due to accepted manufacturing 
tolerances one transistor conducts better than the other 
when voltage is first applied. A greater part of the input 
supply is applied across one-half of the primary wind- 
ing. This will induce base drives of a polarity which will 
make the better conducting transistor conduct still bet- 
ter and make the other transistor a better insulator. This 
process is cumulative and in a few microseconds one 
transistor is driven into saturation while the other is cut- 
off. Now the full d-c supply voltage, less the emitter- 
to-collector voltage drop, is applied across one-half of 





*Italic numbers in parentheses refer to Cited References at end of article 
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the primary. This will induce a voltage rise essentially 
constant with time until the core saturates. At this time 
there is no longer sufficient change in core flux to main- 
tain base drive and as a result the transistors start to 
return to their initial state. 

Meanwhile, the core returns from its peak saturated 
value to its remanent value along a slope which even 
for the poorest square hysteresis loop materials is still 
sufficient to induce reverse voltages which will now bias 
the transistors so that the one that was conducting starts 
to cut off and the one that was cut off starts conducting. 
[he avalanche switching process repeats and the next 
half cycle begins. 

The equation describing this inverter operation is 
E = 4N¢, f x10-* where E = primary d-c voltage, N = ¥ 
primary turns, f is operating frequency in cps and ¢ is 
core saturation in gauss. 

Practical inverter design involves optimization of the 
following parameters: core material, cross-sectional area, 
tape thickness and core 1D and OD, operating frequency, 
primary voltage, turns and turns ratio, transistor choice, 
the rectifier circuit, and the filter circuit. 

The first consideration is that of the d-c input volt- 
age. It should be as high as possible to get the most 
efficient high-voltage output. The upper limit will be the 
maximum permissible emitter-to-collector reverse voltage 
which must be at least twice as great as the applied volt- 
age since the cutoff transistor has applied across it the 
sum of the d-c input supply and the induced voltage of 
the other half of the primary. Some margin of safety is 
desirable to permit line surges and allowable switching 
transient peaks. The next design choice is to make the 
operating frequency high enough to minimize the size 
and weight of the transformer and filter components but 
not so high that it is beyond the point of diminishing 
efficiency. It takes a definite time for switching to occur 
and at higher frequencies more of the power handling 
capabilities of the transistor are used for switching; this 
leaves less for the load supply. Additional reasons to use 
a moderate frequency are: core losses increase sharply 
with frequency, there is greater danger of rf interference, 
the capacity of the rectifying elements causes a reduction 
in efficiency, and there is greater power loss if the unit 
is potted. 

The core material (see Table I), should have low 
coercive force to minimize core losses and a high satura- 
tion flux density to reduce the amount of iron required. 
Such materials often have square hysteresis loops. This 
is desirable because it will help to increase the switch- 
ing speed. The core strip must be sufficiently thin to limit 
eddy-current losses at the operating frequency. Punch- 
ings may be used, but tape wound cores or toroids provide 
higher efficiencies, lower stray magnetic radiation, closer 
coupling (3) and better insulating systems. 

Important transistor properties are low collector-to- 
emitter voltage during saturation, low collector leakage 
when cut off, fast switching, high allowable power dis- 
sipation and high peak current handling capabilities (see 
Table IT). 

The first three properties define a special class of 
transistors. A particular design would employ the unit 
in this class which would handle the required power at 
the input voltage level desired. The circuit is quite in- 
sensitive to transistor changes because they are either 
saturated or cut off. Germanium transistors have prac- 
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Fig. 1—Inverter circuit with voltage doubler and filter. 


tical upper temperature limits of 70 to 85 C ambient in 
order to prevent the junction from exceeding its operat- 
ing temperature. Silicon transistors permit higher operat- 
ing temperatures, but their saturation resistance is about 
10 to 1000 times as great. This means that 10 to 1000 
times the power must be dissipated during saturation. 
However, the Tl 970 transistor, will permit operation 
with small loads at temperatures in excess of 100 C. 

There will be a large number of secondary turns on 
a high-voltage inverter transformer due to the. high turns 
ratio and the efficiency consideration to put as many 
turns on the primary as feasible so as to minimize excit- 
ing current. The design goal of a well-balanced insula- 
tion system will allow the greatest number of adequately 
insulated secondary turns in the smallest space. 

If the core type chosen is a toroid there are many 
ways to wind the secondary, but the following is most 
useful. Figure 2 shows a progressive winding which has 
a radial buildup of more than one layer. The design aim 
is to wind as many turns in a single progressive pass as 
turn-to-turn breakdown will safely allow. The wire is 
wound on while the core is slowly rotated through the 
desired angle enabling more turns to be put on a single 
traverse pass than can be had on a single layer of wind- 
ing. As the wire is piled on, a stray turn may be placed 


Table I—Core Material Comparison 





Approximate mag- 
| netizing force at 


Approximate switch- 
switching flux 


Core Material ing saturation flux 











Trade Name density (1000 cps) density 

Hipernik V 0.3 Oersteds 14.5 Kilogauss 
0.002 TK 

Hy Mu 80 | 0.1 Oersteds 7.2 Kilogauss 
0.002 TK | 

Hipersil 1.5 Oersteds 12 Kilogauss 
0.004 TK 
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Fig. 2—Method of progressive winding. 


adjacent to a wire wound on many turns before, because 
the machine shuttle does not place the wires on perfectly 
true and because a slight back and forth jiggling motion 
of the core is necessary to maintain a tigat compact 
winding. If all the turns can be placed on one progres- 
sive pass the insulation problem is greatly simplified, if 
not, then the secondary may be broken up into several 
passes between which sufficient insulation must be placed 
to prevent breakdown between passes, Fig. 3. 

It should be noted that most transistors suitable for 
this circuit have collector-to-emitter breakdown voltages 
of 80 volts maximum. This limits the input voltage to 
no more than 40 volts, with 25 to 30 volts as a more 
realistic figure. 

The output of the inverter is very nearly a square 
wave and is therefore especially suited to voltage dou- 
bling. If the load requirements are sufficiently heavy, a 
bridge circuit might be considered. Other circuits such 
as the half wave or center-tap full wave offer no special 
advantages and have extra transformer windings or do 
not lend themselves to close coupling. 

A regulated input supply is desirable because the use 
of silicon rectifiers and adequate filtering provides a 
wide load range with a very acceptable ripple and regu- 
lation figure for even the most critical applications. A 


Core 


Primary and bias 
winding insulation 


First progressive 
poss 


First poss 
insulation 


Second poss 





Fig. 3—Progressive winding, more than one pass 


transistor regulated 25-volt input supply is very practical 
(4, 5) and may already be available in the equipment 
for other transistor circuits. 

Because all the components are long lived this supply 
is especially suited to potting with its advantages of rug- 
gedness and size reduction. The low-voltage circuitry in- 
cluding the transistors might be made accessable if de- 
sired. 

The following is an outline for inverter power supply 
torioid transformer design: 

Chose the input supply voltage as convenient for reg- 
ulation and suitable for transistors, about 25 volts for 
military equipment. 

Assume an operating frequency of about 1000 cps and 
optimize later as desired. Choose efficient materials such 
as Hipernik V or HyMu 80 in 1 to 4 mil thickness. 
Estimate the 14 primary turns by optimizing the lowest 
exciting current possible with the greatest practical num- 
ber of secondary turns. Determine the transistor type 
capable of handling the sum of exciting, load and loss 
currents. This transistor must have a Ve of at least 
twice the chosen input voltage. From the manufacturers 
characteristics determine the bias voltage required. Now 
insert the chosen values into the equation E = 4N ¢,fx10* 
and determine the core area required. E = input supply 


Table li—Representative Germanium and Silicon Power Transistor Comparison 





| i 


Maximum Maximum | Maximum 
Transistor Transistor | Maximum power Maximum collector-to- saturation junction 
trade name | kind dissipation current emitter voltage resistance | temperature 
H 5 Minneapolis | PNP alloyed | 10 watts total at 70 3.5 amp —80 0.3 ohms 95 C 
Honeywell | junction | C case temperature emitter 
T 1970 NPN | 3.5 watts collector 0.140 amp 120 200 ohms 150 C 
Texas crown | at 100 C case tem- collector 
Instruments junction perature 
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voltage, N = %% total primary turns, ¢, = saturation 
flux density in gausses and {f = frequency in cps. 
Choose a stock core which will hold the necessary 
windings and insulation, then adjust parameters N and 
f to suit. O00 
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Transistors in Airborne Power Supplies 


B. D-C to D-C Converter for a 
Telemetering Package 


JEWEL W. MOODY, Design Engineer 

Research Section, Guidance and Control Laboratory 
Army Bauuistic-Missite AGENCY 

Huntsville, Alabama 


LLECTROMECHANICAL CONVERSION DEVICES such as dyna- 
motors and vibrators are being replaced by transistors in 
self-excited oscillators. The oscillator chops a low voltage 
and transformers step this voltage up to some higher 
value. In most instances the voltage is rectified and fil- 
tered to d-c. However, the unrectified output is useful as 
a power source for magnetic amplifiers since the square 
wave characteristic increases the linearity of the ampli- 
fiers and the higher frequency output (that is, higher than 
the usual 60 cps or 400 cps) increases the response time. 

When low power transistors must be used for outputs 
greater than 40 or 50 watts the circuit must be carefully 
designed to minimize peak current stress. 

The design described below is a transistor power 
supply to deliver three voltages: 500 volts d-c at 225 
ma, 250 volts d-c at 250 ma, and 6.3 volts a-c at 1.5 
amp. The power levels are 112.5, 62.5, and 9.44 watts 
respectively. In the circuit shown a low-level transistor 
multivibrator drives the bases of power amplifiers to 
provide the output voltages. Since this device is to supply 
power for a telemetering package which consists of sev- 
eral subcarrier oscillators, a power amplifier, and a 
transmitter, some consideration must be given to the 
power supply oscillator frequency. By careful observa- 
tion of the subcarrier bands, 1050 cps was decided upon 
since the first, second and third harmonics of the square 
wave output of the supply fall in between these bands. 

The common-collector oscillator circuit configuration 
was chosen because of its superior regulation with chang- 
ing loads. Since transformer leakage inductance lengthens 
the rise time of the output wave, a high permeability 
material (HyMu 80) was selected for the core. With 
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the fast rise time less power is consumed during the 
switching interval. Since this stage is used only as a 
signal source to drive voltage-saturated transistor am- 
plifiers the power required is only in the order of a 
quarter of a watt. This means that through design the 
wave shape can be improved without loss of power. A 
small HyMu 80 core which will saturate easily was used. 
It has a Byars of 7.5 kilogauss. The transformer design 
is as follows: 


Frequency = 1050 cps 
E = 28 volts d-c 
Vy, = 28.1 volts d-c (feedback voltage) 
Flux Density = 7.5 K-gauss 
Core = Hy Mu 80 
Area = 0.515 cm? 
Inside diam = 0.93 in. = 23.6 mm 
> 1fAB 10° 
where E = input voltage 
f = frequency 
A = cross-sectional area of core 
B = Byaz of core material 
28 
~ 4(1050) (0.515) (7.5) 10% 
173 28.1 
== aT = 173.6 turns 
N, Eout = 173.5 
E 28 
Eou:= 9.5 volt (Base voltage necessary to drive the power 
stages to the desired level.) 


= 172.7 turns 


Nout = = 3.09 turns 


In the oscillator circuit illustrated, Rl and R2 form a 
voltage divider to bias the bases of the transistors to 
insure oscillation. The rise time of the square wave out- 
put is in the order of 8 or 10 microsec. 


With a shaped wave having only a few microseconds 
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Transistorized d-c to d-c converter circuit. The voltage 
divider (Rl and R2) biases the transistors to insure 
oscillation. 


rise time the 60 watt rating of Minneapolis-Honeywell 
XH-25 transistors can be exceeded since the transit time 
through the high dissipation region is very rapid. How- 
ever, it is necessary to group the voltages in such a way 
as to limit current stress on the transistors. Therefore, 


the 500-volt supply will comprise one power amplifier; 
the 250-volt d-c and the 6.3-volt a-c supplies will com- 
prise a second amplifier. 


By grouping the voltages in this manner one pair of 
transistors will deliver 112.5 watts while the second pair 
will deliver 71.95 watts output. 

Othonol cores were selected for the second stage. Al- 
though the permeability of this material is lower than 
HyMu 80 a flux density of 12 kilogauss can be used. This 
leads to a relatively small power transformer which does 
not saturate, and thus relieves the circuit of current 
spikes. The small leakage inductance which is encoun- 
tered is of little importance here because the wave is 
already shaped. 


Transformer Design: 


Eout = 250 volts at 250 ma and 6.3 volts at{1.5 amp 

Core: Orthinol 51017-2A 

Flux Density = 12 K-gauss 

Area = 0.685 cm? 

Inside diam = 1.9 in. or 48.3 mm 
28 

~ 4(1050) (0.685) (12,000) 10 


; 81) (255 

(6.56) (81) z 
Nes == ae = 18.2 
Eout = 500 volts at 225 ma 
Core: Orthinol 51017-2A 


Flux Density = 12 K-gauss 


N, 


= 81.2 
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Area = 0.685 cm? 


Inside diam. = 1.9 in. or 48.3 mm 


92 
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2° 
28 


= $1.2 


\ = 1480 


The small increase in the output voltages was intro- 
duced to make up for copper losses. 

Test revealed that the overall efficiency of the circuit 
was 90 per cent at the rated power output. By placing 
large tantalum capacitors in the output the ripple volt- 
age was reduced to less than 1 per cent. 

The 250-volt supply functions at temperatures up to 
70 C with only very small changes in output voltage and 
frequency. Although it will be necessary to use series 
transistors in the 500-volt supply to reach that tempera- 
ture, this has the added advantage of reducing the volt- 
age across the transistor to that of the supply voltage, 
thus increasing circuit reliability. 

Voltage regulation due to changes in the input voltage 
of the circuit is directly proportional to the input volt- 
age. Load variations are another problem. If less than 
10 per cent regulation is expected a suitable transistor 
regulator can be used. O00 
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imple Counter 


etects Machine Drift 


By utilizing basic quality control tech- 
niques the Heald Machine Company has 
achieved automatic size control for its 
Sizematic internal grinders using only an 
aftergage, a simple relay counting circuit 


and a push-pull solenoid. 
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Controlled dimension 


Fig. 1—Normal distribution curve of controlled 
dimension of machine output. As long as curve lies 
between acceptable tolerance limits, H and L and 
peaks at desired setting, machine is said to be 
“on setting”. 


1/4 tol ->~<— 
Controlled dimension 
Fig. 2—Probability of two successive parts falling 
outside pre-control limits in the same direction 


is 1/196 if machine is on setting. Over 99 per cent 
of such occurrences are due to machine drift. 
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BY DESIGNING FEEDBACK CONTROLS to incorporate the 
basic principles of probability, the Heald Machine Com- 
pany* of Worcester, Mass. has achieved a refreshingly 
simple, yet valid and reliable method of automatic size 
control for its line of Sizematic internal grinders. 

In essence the control system deliberately overlooks 
any random variations in machine performance—as long 
as the piece is ground to an acceptable size—and 
corrects for machine drift only when a definite trend 
toward oversize or undersize parts is detected by a 
simple counting circuit monitoring a post-process or 
aftergage. For further simplicity, the correction fed 
back is always a pre-set fixed amount; no actual meas- 
urement of error is required or performed. 

The technique employed to determine machine drift 
is taken from quality control practice and is called 
pre-control or zone-control by the two-consecutive-count 
method. 

Two-Count Method. It is common knowledge that 
no machine tool will turn out a series of pieces with 
each having exactly the same dimensions. Room tem- 
perature changes, temperature transients through the 
machine, line voltage fluctuations, stock material varia- 
tions, shock and vibration from adjacent machinery, 
“looseness” in the machine itself—any one or all of 
these and many other factors can and do cause piece-to- 
piece size variations of the machined product. 

Any automatic machine control that attempts to cor- 
rect for each such random size variation will tend to 
hunt, even at times to overcorrect. (1)** This can be 
demonstrated by means of its so-called normal dis- 
tribution curve of Fig. 1, which represents the pattern 
of piece size variations about the mean size. Statis- 
tically speaking, a machine is “on setting” when the 
distribution curve of the dimension being “held” lies 
within the high and low tolerance points and the peak 
of the curve occurs at the intended setting of the ma- 
chine. Only comparatively few pieces are exactly of the 
intended size: most fall above and below. When a 
machine drifts off setting, the entire curve shifts but 
the majority of pieces are still within acceptable limits. 

Consequentiy it can be very difficult for a gaging 
system to differentiate between strictly random vari- 


*A subsidiary of the Cincinnati Milling Machine Company. 
**Italic numerals in parenthesis refer to Cited References at end of article 
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ations in piece size—for which machine correction is 
unnecessary and undesirable—and piece-size trends in- 
dicative of machine drift requiring correction (without, 
of course, waiting for parts to be produced that fall 
outside of tolerance and must be rejected). 

One method involves the use of a “quality control” 
computer—an analog computing circuit that computes 
the arithmetic mean (or X) of the measured dimension 
and feeds back correction whenever X drifts from the 
desired setting. (1) In addition to circuitry for comput- 
ing the amount of correction required, this type of 
system requires highly accurate measuring transducers. 

The simplicity inherent in the Heald Sizematic grind- 
ing method, however, makes possible a much less com- 
plex method of accomplishing the same result. Figure 2 
shows pre-control lines drawn arbitrarily at a distance 
equal to one half the tolerance either side of the desired 
machine setting. If the machine is on setting, 7 per cent 
of the pieces (or 1 in 14) will fall above the pre-control 
zone and 7 per cent below. But the probability that two 
pieces in succession will fall outside the pre-control zone 
in the same direction is only 44 x 44 or Ygg- (2) 

In other words, when an occasional piece falls outside 
the pre-control limits the machine may not require cor- 
rection. In fact correction applied on the basis of one 
piece may very well shift the machine off setting in the 
opposite direction. But when two pieces in succession 
are either higher or lower than the precontrol tolerances, 
the odds are roughly 196 to 1 that machine drift rather 
than random variation has occurred. Actually when 
machine drift occurs the entire distribution curve shifts 
and the area beyond the pre-control zone increases geo- 
metrically—as does the probability of two consecutive 
pieces falling outside the pre-control zone. 

The amount of correction applied is always 14 the 
tolerance (14 the tolerance band). Thus no measuring 
or correction computing is required. 

Sizematic Principle. As already stated, the straight- 
forward simplicity of the Heald Sizematic grinding 
system allowed the two-consecutive count systems of 
automatic size control to be incorporated directly. The 
components required are an “over-under” post-process 
air gage, a simple “telephone-dialing” 
circuit and a push-pull solenoid. 

Sizematic grinders are so named because the size of 
the finished part is determined by the setting of the 
dressing diamond used to trim the grinding wheel prior 
to the final pass of wheel over work. The dressing 
diamond is mechanically positioned with respect to the 
OD of piece to be ground. The OD is used as a fixed 
reference and the radial displacement of the diamond 
with respect to the OD determines the ID of the 
finished piece. After a piece is rough ground, the 
grinding spindle is withdrawn and the wheel passes by 
the diamond and is dressed. After the grinding wheel has 
been passed across the diamond and trued up, the 
spindle is again advanced into the work and the piece 
finish ground to size by cross feeding a constant pre- 
determined distance. Size is therefore determined by the 
diamond setting. 


relay counting 


Depending on the kind of material being ground and 
the amount of stock to be removed, a certain amount of 
the grinding wheel will be worn off in grinding each 
piece. This wear can be fairly accurately determined 
through experience and is used as a guide to determine 
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Aftergage signals 
(+) 


Fig. 3-—“Telephone dialing” type counting circuit for machine 
drift correction feed back. An “undersize” signal from after- 
gage operates relay A which in turn sets up relays B and C 
and starts timer TD. If the next piece gaged also measures 
undersize, relay A again operates to close solenoid circuit to 
reposition diamond setting one notch. If second signal is not 
received in predetermined time interval, TD times out to reset 
counter. Similar circuit for oversize drift correction is only 
partially shown. 


Fig. 4—Chassis view of two-step counter shown in Fig. 3. 


the distance the wheel is advanced before starting the 
next cycle. (Infeed is accomplished by ratchet wheel and 
pawl automatically at end of cycle.) Corrections for 
machine drift can be made manually by adjusting the 
diamond setting through a differential screw and double 
ratchet wheel mechanism. One tooth of the ratchet rep- 
resents 25 millionths of an inch in diamond setting, 50 
millionths of wheel diameter. 

Thus the wheel is compensated ahead after 
grinding and dressing prior to starting next cycle. Cor- 
rection, when necessary, is made by adjusting the 
diamond setting. 

Automatic Size Control. After each piece is ground 


head 


it is automatically checked by a post-process air gage. 


(Continued on page 177) 





New Relay Forms 
for A-C Operation 


The various existing methods of operat- 
ing relays on a-c have serious defi- 
ciencies. A completely fresh design 
approach was indicated in order to 
achieve a-c relays which would provide 
non-pulsating contact pressure without 
overheating or requiring auxiliary ap- 
paratus. The development objectives, 
clearly defined here, led to basic de- 
partures in relay form. These are trans- 
lated into the detailed electromagnetic 
design analysis which yielded the work- 


ing relay models. 


RICHARD J. COPPOLA, Electrical Engineer 
U. S. Navat Arr Devetopment CENTER 
Johnsville, Pa. 


INCREASING GENERAL AND MILITARY APPLICATION of a-c 
power systems inevitably led to demands for improved 
and more diverse equipment components suitable for use 
on a-c. Since relays are highly important and versatile 
control circuit elements, the deficiencies inherent in all of 
the various known modes of a-c relay operation became 
a serious obstacle to a-c control system development. 
The a-c relay problem became so pressing in the air- 
frame industry that the Naval Air Development Center 
(NADC) instituted a project for the basic study and 
then development of power relays to be suitable for 
operation on 400-cycle power. The preliminary study 
was to investigate the various inherent deficiencies of the 
existing forms of a-c relays and thus point the way to 
defining the development objectives for the new designs. 
Intrinsic a-c relays are all basically polyphase in their 
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working principle, the differences deriving from the 
manner in which the out-of-phase magnetic fluxes are 
contrived in each general type. This may be by the use 
of a “shading coil” surrounding a part of the magnetic 
circuit, by the use of multiple coils on the relay with 
a phase-shifting capacitor or other element in one coil 
circuit, or by the literal application of polyphase power 
to the relay coils. The shading-coil relay inevitably 
exhibits excessive heating due to the shorted turn which 
severely curtails the use of such relays in higher tempera- 
ture applications, and also an undesirable pulsating con- 
tact pressure. Relays with two (or more) coils in which 
the out-of-phase fluxes in the magnetic circuits are 
achieved by using capacitor or resistance elements ex- 
ternal to the relay, or by designing the relay coils so 
as to have different inductance and resistance values, 
are marked by pulsating contact pressure and the obvious 
objections to the use of components in addition to the 
relay itself, where these are used. Relays with multiple 
coils which are energized from a polyphase power system 
exhibit performance characteristics that are far superior 
to other known a-c relays but are open to the objection 
that they require multipole switches and multiple wire 
transmission between control devices and the relay. 

Direct current relays may be used in a-c systems by 
employing one or more rectifiers with the relays. Depend- 
ing on the number and arrangement of rectifiers, the 
resulting d-c exhibits a varying degree of pulsation, 
which is reflected by pulsating contact pressures in 
the relays. Also, for a particular average, or especially 
minimum, contact pressure the coil currents must be 
higher than in corresponding steady d-c relay applica- 
tions, with consequent extra heat generation. In addition 
to the obvious drawback presented by the rectifiers, that 
is their constituting components in addition to the relays 
themselves and thus requiring space and multiplying 
failure hazards, there are distinct temperature limita- 
tions for all dry-disk rectifiers. Selenium types were 
commonly used, but any high ambient requirements rule 
these out. The newer silicon rectifiers improve this 
situation, but in general an ambient of 120 C, for 
instance, make their use impossible since the maximum 
allowed junction temperature is 150 C, which would 
probably be exceeded under the cited and future ambient 
conditions. 


In connection with the foregoing discussion of existing 
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a-c relay types it should be noted that there are further 
objections that are common to all or most of the forms 
mentioned. When auxiliary equipment, resistors or recti- 
fiers, are used, there is inevitably a lower efficiency due 
to the losses in the auxiliaries. More power is required 
to produce a given contact pressure, in addition to 
which use of rectifiers usually result in relatively sluggish 
relay action. Also, pulsating torque which is exhibited 
by most of the described forms is not only objectionable 
because of contact resistance variations, but such pulsa- 
tions may tend to accentuate undesirable small differentials 
between relay pick-up and drop-out voltages. Pulsating 
relay action is also highly objectionable mechanically, 
since the hammering effects may be destructive of arma- 
ture and core faces, bearing surfaces and other relay 
parts. 

From these general and descriptive considerations of 
existing a-c relay forms and their defects it was possible 
to project certain key requirements for the proposed 
new a-c relay design or designs. The new relay should 
be self-contained and operable, i.e., not require auxiliary 
elements, and in general the design should be adaptable 
to materials which would permit higher ambient tem- 
perature service. The magnetic torque or force character- 
istics should be comparable to d-c relays of similar 
sizes and ratings, and have rapid pick-up and release 
properties. Logically, omission of auxiliary apparatus 
led to consideration of polyphase relay operation, but 
the requirement was imposed on the design that this 
should not entail the necessity of multipole switches 
and multiple transmission wires between the relay and 
any control devices or circuits. Pulsating total amature 
torques were to be eliminated or minimized. 

The project finally resulted in two distinct new forms 
of a-c relay with different applications and character- 
istics. One, which is designated the “self seal-in a-c 
operated relay”, Fig. 1, is polyphase operated but single- 
phase controlled, thus conforming to the requirement 
that multipole switching be avoided for the new relay. 
The other basic type developed was the “polarized a-c 
relay”, Fig. 2, which is a purely single-phase device. 
This latter design, which employs permanent magnets, is 
not as efficient as the former or polyphase relay, but 
is a necessary design for those applications in which 
only single-phase power is available. It has an advantage 
in that the principle of operation permits a greater degree 
of design control over the relay pick-up and drop-out 
voltages. 

The Self Seal-In Relay. The design considered the 
most efficient, and the most effective in producing a 
constant armature torque with minimum operating cur- 
rent and having a low drop-out voltage, utilizes poly- 
phase energization of the relay with single-phase control. 
This permits the use of single-phase switching and single- 
wire control circuits to the relay. 

Figure 3 shows the magnetic circuit layout of the self- 
seal-in relay. The magnetic cores of the relay are made 
of grain-oriented, cold-rolled silicon steel alloy. A 4-mil 
thick strip of this alloy is wound on a mandrel, to form 
a rectangular coil, which is then bonded and cut into 
two parts, resulting in a construction which can be as- 
sembled in such a way as to link a coil electromagnet- 
ically. These cores are especially effective when used in 
iron-core inductors, as we are applying them in this 
relay, because their construction and final assembly with 
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Fig. 2—Polarized single-phase 
ac relay, development model. 





a coil at the air gap utilize only the direction of rolling 
of the material to form the direction for the flux in 
the magnetic path of the core-coil combination. Since 
the cores are made from silicon steel with grain orien- 
tation, they will carry approximately 30 per cent more 
flux than non-oriented silicon magnetic alloys for the 
same magnetizing force. This results in approximately 
70 per cent more force developed at the air gaps of the 
magnetic circuit. The 4-mil “lamination” cores offer 
the advantage of the lowest iron loss at the frequencies 
used in aircraft circuits. Since the core losses are 
proportional to the square of the thickness of the laminat- 
ing material and peak flux density at a given frequency, 
the use of 0.004 in. material thickness minimizes the 
core losses without sacrificing good d-c magnetic char- 
acteristics for frequencies between 320 to 1000 cycles. 
The excellent d-c magnetic properties of 4-mil laminating 
material permits operation of the cores at flux densities 
as high as 17 kilogausses without excessive magnetizing 
current. Limiting the peak flux density to 12 kilogausses 
will insure operation of the cores within the linear 
portion of the d-c magnetic characteristic. Present types 
of grain-oriented silicon steel cores can be safety used 
in designs having 200 C ambient temperature applications. 

In Fig. 3, the pick-up or control coil electromagnet- 
ically links one of the magnetic circuits at its main air 
gap and the seal-in coil electromagnetically links the 
second magnetic circuit at its main air gap. The two coils 
produce two independent fluxes which develop a torque 
about the axis of the relay. Figure 4 schematically shows 
this device together with contacts and terminals to form 
a relay and wired into a power system. The system 
shown includes a three-phase generator and load, the 
distribution lines, and the “self seal-in” relay with its 


control switch and control wire. This novel operating 
mechanism results in a relay that will operate from 
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Fig. 3—Magnetic circuit, self seal-in relay. 
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polyphase a-c power and is controlled from one phase 
of the polyphase power system. This construction enjoys 
the advantages of polyphase operated devices without 
sacrificing the advantages of single-phase control sim- 
plicity. Single wire transmission is sufficient between a 
single pole switch and the relay. 

Closing the control switch energizes the pick-up coil 
with phase voltage (Vna) which pulls in the armature 
at the upper air gap with a pulsating force, or torque, 
produced by the alternating flux in the upper closed 
loop magnetic circuit, thereby moving the armature to 
the closed position as shown in Fig. 3, lower. When the 
contacts close, line voltage (V»-) 90 deg out of phase 
with phase voltage (Vna) is applied to the seal-in coil. 
This results in an attracting pulsating force, or torque, 
at the lower air gap produced by the alternating flux 
in the lower closed loop magnetic circuit. 

Designing the coils to produce equal pulsating forces 
or torques at both air gaps results in a constant, non- 
pulsating, total armature torque—the vector sum of 
the two individual torques produced by each closed loop 
magnetic circuit. Figure 5 shows the variations in the 
air gap forces and armature torques in relation to the 
a-c coil current for the closed gap position of the ar- 
mature. It should be noted that when the armature is 
in the closed gap position, all the air gaps in the magnetic 
circuit are reduced to virtual zero resulting in very low 
operating coil currents. The pick-up coil current (J) 
produces a flux in its magnetic circuit which is in phase 
with it and which in turn develops the air gap force (F,) 
and armature torque (7',). The seal-in coil current (/,). 
which is 90 deg out of phase with (/,), produces a flux 
in its magnetic circuit which is in phase with (/,) and 
which in turn develops the air gap force (F,) and arma- 
ture torque (7,). The total armature torque (7;) 
is the instantaneous sum of (7,) and (T,). If (T,) and 
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Fig. 4—Electrical circuit, self seal-in relay. 
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(7’,) are sinusoidal in wave form and equal in peak 
magnitude, their sum will be constant, similar to the 
armature force produced in a d-c relay. The current (/,) 
will be 90 deg out of phase with (/,) only when the 
reactance/resistance (*/p) ratio of the pick-up coil is 
equal to the (*/z) ratio of the seal-in coil. 

Figure 6 is a torque-gap diagram showing the developed 
magnetic torque characteristic including the armature 
and contact spring torque characteristics. The diagram 
indicates the variation of armature torque when the mag- 
netic air gap reduces from its maximum open position 
to the closed position with rated voltage applied to the 
coils. The characteristic of the developed magnetic torque 
is an approximate straight line because the magnetic 
flux leakage is negligible. 

Opening the control switch will deenergize the pick-up 
coil. This will reduce the developed armature torque to 
a pulsating value having an average of one-half of the 
original constant armature torque. Since the contact 
plus armature spring torque is now greater than the 
average developed pulsating torque as can be seen in 
Fig. 6, the armature will be thrown to the open position. 
This will open all the contacts and deenergize the seal-in 
coil. The relay will remain open until the control switch 
is again closed. 

The principles of the self seal-in relay for poly-phase 
operation can be extended to a center-stable version for 
such purposes as “motor-forward”, “motor-off’ and 
“motor-reverse” operation. The development models 
of the relay perform within the range of the design 
target military specifications. The operating-coil currents 
are 25 ma (0.25 watt) for the pick-up coil and 15 ma 
(0.33) watt for the seal-in coil, with contact ratings of 
30 to 40 amp a-c, 400 cps. 

Polarized A-C Relay. The second approach in the 


relay development project was to produce a strictly single- 
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Fig. 5—Self seal-in a-c relay. Developed torques, closed gap. 
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phase relay which was to have as many as possible of 
the performance characteristics originally projected for 
the new designs. It was recognized that the desired 
pulsation-free torque objective could not be achieved in 
a single-phase relay, as it had been in the polyphase 
“self seal-in relay”, so that minimizing the pulsations 
became the aim in the single-phase relay development. 
The present solution of the problem involves the use of 
permanent magnets in the core structure of the relay. 
These magnets polarize the a-c flux in portions of the 
magnetic circuit, and also prevent the developed armature 
torque from going to zero in each half-cycle of the a-c 
flux. 

Figure 7 shows the magnetic circuit of the polarized 
relay. The magnetic cores of the relay are grain-oriented, 
cold-rolled silicon steel alloy similar to that used in 
the self seal-in relay. This novel operating mechanism 
results in a relay that will operate from single phase 
a-c power without the use of rectifiers, shorted turns, 
capacitors or multiple coils. This construction also 
leads to simplified design control over the pick-up and 
drop-out voltage values of the relay. The magnetic 
circuit layout indicates the construction and basic prin- 
ciple of operation of the relay. 

The black flow lines indicate the alternating flux 
due to the coil, the gray lines represent the pulsating 
flux and the green lines the constant flux of the 
permanent magnets. The arrows and percentage figures 
shown outside the various sections of the relay circuit 
indicate direction of flow of the a-c pulsating fluxes and 
their distribution while the relay is in the open position 
(upper figure) and closed (lower). Single-head arrows 
represent these fluxes during the first half of each cycle, 
double-head arrows the fluxes during the second half of 
the cycle whether the relay is in the open or closed 
position. 
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Fig. 6—Self seal-in a-c relay. Torque and air-gap relations. 
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During the first few cycles after voltage is applied 
to the coil, before pick-up occurs, the alternating flux 
is distributed as indicated for the relay in the open 
position. During the first half of each cycle this flux 
follows two paths in parallel in the left “E” core and 
the upper end of the armature, and one path in the right 
“E” core. In the second half of each cycle the flux 
follows two paths in parallel in the right “E” core 
and lower end of the armature, and one path in the left 
“E” core. This latter condition is shown in the lower 
Fig. 7 representing the relay in its closed position. 
The constant unidirectional flux produced by the perma- 
nent magnets holds the armature closed while the alterna- 
ting flux goes to zero in each half cycle and serves to 
lower the pick-up and drop-out voltages of the relay, 
particularly the latter. 

The permanent magnets employed in this relay design 
have an additional and important function. This is to 
“guide” the alternating flux to the desired paths and 
to “block” it from others. In this function the magnets 
increase the pick-up torque of the relay a minimum of 
six fold. This high torque, as compared with the relay 
if it were designed without the magnets, is a result of 
the fact that very little a-c and pulsating fluxes would flow 
across the main air gaps if magnets were not used in the 
locations shown. Instead, this flux would flow from one 
“E” core to the other across the armature at its pivot, if 
the magnets were replaced by core material. In effect, this 
would constitute a magnetic “short circuit” to the main 
air gaps, with the relay in its open position. 

Figure 8 shows the variations in armature torque in 
relation to the a-c coil current for the closed gap position 
of the armature. It should be noted how the permanent 
magnet torque (T,,,) shifts the pulsating torque (T,) up- 
ward so that the total armature torque (T,) is prevented 
from going to zero twice in each cycle of the coil current. 
The armature torque (T,) is the sum of (T,) and (Tm). 

Figure 9 is a torque-gap diagram of the polarized 
relay showing the developed magnetic torque character- 
istic including the armature and contact spring torques. 
The diagram indicates the variation of torque when the 
magnetic air gap reduces from its maximum open position 
to the closed position with rated voltage applied to the 
coil. The characteristic of the developed magnetic torque 
is non-linear because of the appreciable flux leakage due 
to the coil not being located at the main air gaps. 

When the coil is de-energized, the portion of the 
developed armature torque produced by the alternating 
and pulsating fluxes reduces to zero. The remaining 
developed armature torque, which is produced by the 
unidirectional flux from the permanent magnets, is less 
than the contact and armature spring torque, Fig. 9. 
Under these conditions the armature will be thrown to 
the open position where it will remain until the coil 
is reenergized. 


Electromagnet design. The electromagnet in Fig. 
10 is an elemental form which will serve to illustrate the 
a-c magnet design procedure. Symbols are defined in 


Table I. 


1—Closed air gap calculations 
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Fig. 7—Magnetic circuit, polarized single-phase relay. 
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For the air gap, Ro =7 A254) 


where uo = | 
eis ie 
~ ppA(2.54) 
where u, = 24.100 in this —“—-, 
3, 
a 


For the core, Rm, 


in which B, is assumed as 70,000 maxwells/in.? (= 10,850 
gausses) and H, is obtained from Fig. 11, the magnetization 
curve for the core material (4 mil Hipersil). 

Total reluctance = Rar + Rma + Rue 


Core flux—¢,—B, A, (Peak B, limited to 70,000 max./in.” 
Total peak magnetizing force = M, = ¢ Rm gilberts M, 
=04rNI1, 


From this the product (N /,) can be obtained. (N) 
can be calculated from the induced voltage equation: 


E =4A4f N ¢, (10°) volts rms 


By assuming several values for E, several values for 
V will result and consequently various values for I>. 
A value for N can be selected which gives optimum and 
practical coil design with respect to resistance, wire size, 
current and heating, for a coil to fit the available space. 


Assuming a leakage coefficient of 1.05, 


70,000 . 
Bg Oe Ls max. /in.? 
Vo 


These B values are peak. For deriving magnetic force. 
average, the rms values of B must be used. Assume 


sinusoidal variations, then 
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Polarized single-phase relay. Developed torques, closed 
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Average magnetic attraction force F developed by the 
a-c magnet in the closed gap position becomes F 


F = 0.0139 ( ie 
Y 2 


if B, is in kilomaxwells/in.2 and Ag is in sq. in., F will be in Ib. 


Bras _ 


2—Open air-gap calculations. 


Core permeability, »,, can be assumed to be the same 
for open gap as for the closed position since the core 
should be operated in the straight line portion of the 
d-c magnetization curve, Fig. 11. Also, core reluctance 
Rn», is small compared with air-gap reluctance when the 
magnet is in the open position and can be neglected if 
desired. 


As in (1) above, M, = ¢, R»: gilberts, magnetizing force 

and M, = 04xNI1, 

Since the coil winding has been established, N is known 
and /, may be calculated directly, if ¢, is derived using 
the induced voltage equation, above. Assume values for 
induced voltage E, then solve for corresponding values of 
¢, and /,. The correct combination will be that which 
gives values of E and resistance voltage drop E, which, 
when added vectorially, equals the impressed line voltage 
r; 


For open gap, assume flux leakage coefficient of 1.15. 


or 
B, = 


B, 
1.15 
The average magnetic attraction force F developed in 
the open-gap position may be calculated as in (1) above. 
Permanent Magnet Design. Certain general prin- 
ciples guide the selection and design of permanent mag- 
nets. The magnet must be capable of producing magneto- 
motive force adequate to overcome the reluctance of the 
entire magnetic circuit, and it must have sufficient cross- 
sectional area to supply the required magnetic flux. 
Environmental conditions anticipated for the magnet, 
mechanical strength requirements and the kind of process- 
ing necessary for the desired design shape of the magnet 
(casting, machining, sintering) all enter the question of 
material selection. 
Figure 12 is an elemental magnetic circuit composed 
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Fig. 9—Polarized single-phase relay. Torque and air-gap re- 
lations. 


of permanent magnet, electrical steel core material and 
air gaps. The total magnetomotive force P around the 
circuit = 0: 


L, H, + LaHa + LnHm = P = 0 


Since the electrical steel core material L,H, has a very 
small value compared with the air and permanent mag- 
net sections of the circuit, it may be conveniently ac- 


Table 1—Symbols Employed in Magnet Calcula- 
tions 


Symbol Definition 


Area, sq. in. 

Air gap area, sq. in. 

Core area, sq. in. 

Magnetic flux density, air gap, maxwells/in.’ 
(peak unless otherwise noted) 

Magnetic flux density, core, maxwells/in.? 
(peak unless otherwise noted) 

Frequency, cps. 

Magnetomotive force, air, oersteds. 

Magnetomotive force, magnet and core, oersteds 

Coil current, amp. (peak value) 

Number of turns, coil winding 

Permeability 

Permeability, air 

Permeability, core 

Length in inches 

Peak magnetizing force in gilberts 

Air gap or core flux in maxwells 

Incremental permeability 

Magnetic reluctance 

Induced reactance voltage in volts rms 





oil resistance (R) 


Fig. 10—A-c magnet and circuit. 





counted for by a “correction factor” applied to LaHa, 
which factor may be taken to be in the order of 1.01 for 
magnetic circuits such as the polarized a-c relay. If this 
coefficient is designated as C: 


L.H.C = — LnHn 


Ma = 1.0 = Ba, Be = Ha 
H, 


Since 


LaBoC 
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If a factor (b) accounts for leakage flux, 


H,, = 


A.B.b = A,B,, 
- A.Bab 
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B,,. 
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density 
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D-c magnetization curve, 4-mil Hipersil core material. 
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Fig. 12—Permanent magnet circuit. 
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The ratio of B, to H» is the permeability p,, of the 
magnet at any particular air gap and flux conditions 
that may exist for the circuit. The permeability p» 
locates the points (b), (c) and (d) on the demagnetiza- 
tion curve for the material, Fig. 13. Straight lines be- 
tween these points and the (0-0) point of the chart 
represent the permeance coeflicient lines. 

Assuming, for instance, the use of Alnico 6 material, 
magnetized while in the magnetic circuit, Fig. 12. Alnico 
6 requires a magnetizing force of 3000 oersteds. Upon 
removal of the magnetizing force the flux will drop from 
the peak flux density B,, Fig. 13, through point (a) to 
point (b) on the demagnetization curve, because of the 
steel cores and closed position air gaps in the circuit. 
When the armature core is moved so as to produce the 
“open-gap” condition, the flux density will drop to point 
(c) on the curve. If the magnet is removed from the cir- 
cuit or if it is magnetized before assembly the flux den- 
sity will drop to point (d). If the magnet is then inserted 
in the circuit, the flux will rise along a minor loop to 
point (e), along a path having a slope approximately 
equal to that at point (a). This slope is the incremental 
permeability, »A When the gap closes, as by actuation of 
the armature, the flux will continue to rise on this path 
to (f) the closed-gap operating-point. 

Values for B,, and H,, may be calculated from the 
dimensions of the elements of the magnetic circuit, using 
the expressions above. The closed-gap permeability, »» = 
Bn/Hm, can then be obtained. This will be equal nu- 
merically to the slope of the permeance coefficient line, 
which passes through (O-O), Fig. 13, for the closed-gap 
condition. The intersection of this line with the demag- 
netization curve then determines point (b). Points such 
as (c) and (d) may be similarly determined for their 
respective operating conditions. Each of these points so 
determined give a pair of actual values for B,, and H,, 
for each of these conditions of the magnetic circuit. 

For each condition, i.e., open and closed circuit, from 
the values of B,, derived from the curve at points (e) 
and (f) as described, values of air-gap flux density may 
be calculated by using the equations above relating B,. 
B,, and the dimensional data for the magnetic, circuit. 
together with reasonable assumed leakage coefficients. 

For the open gap condition, and then for closed gap. 
the force of attraction may be calculated. Since a con- 
stant, not alternating, B is involved because of the per- 
manent magnets, 


Permeonce coefficient 
line of magnetic circuit 


F = 0.0139 B,? Aq 


I+ 
3° 


n the closed gap position If B, is in kilomaxwells/in.? and A, is in sq. in., F is in lb. 


Of course it must be recalled that this is the force due 
only to the permanent magnets. The pulsating components 
must be calculated and the net air gap forces derived, as 
O00 


‘ 
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, indicated in Fig. 8. 
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Note: The opinions or assertions contained herein are the private 
one of the writer and are not to be construed as official or reflect- 
ing the views of the Navy Department or the Naval establishment 
at large. 
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Fig. 13—Demagnetization curve, Alnico 6 permanent magnet on page 17 
material. 
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A High-K Geramic Capacitor 
or 200 C Application 


Recently developed ceramic dielectric material can withstand voltage stress 
in excess of 50 volts per mil at 200 C. A 1000 ++f 1-kv unit now in contin- 


uous commercial application at 200 C measures ‘/g-in. diameter. 


CHARLES A. SHAW 
Chief Engineer, Electronics Division 
OnonpbaGa Pottery Company, Syracuse, New York 


UNTIL RECENTLY, ceramic capacitors, in common with 
many other electronic components, have been designed 
for operation at a maximum temperature of 85 C. The 
trend toward miniaturization in both military electronics 
year or two led to the development of ceramic capacitors 
and in the home entertainment field has in the past 
for use up to 125 C. Above this temperature, however, 
it has been necessary to turn to capacitors using other 
than ceramic dielectrics to obtain satisfactory operation. 
The known high-temperature dielectrics however, have 
a number of disadvantages, particularly those of size 
and cost. 

The temperature limitation on ceramic capacitors 
comes from two sources, the solders and coating used 
in the assembly of a capacitor, and the dielectric itself. 
Of these the most serious is the dielectric. It was to 
overcome this limitation that the development of a new 
class of titanate ceramic dielectrics was undertaken at 
the Onondaga Pottery Company. The ceramic body 
and the coating materials developed under this program 
have proven capable of withstanding continuous opera- 
tion at 200 C. It is believed that this type of capacitor, 
although designed to fill a specific function, has high 
temperature characteristics of potential value in a num- 
ber of applications. 

The basic limitation on ceramic dielectrics at elevated 
temperatures is their short life under voltage stress. 
As shown in Fig. 1, ceramic capacitors can be expected 
to operate at 85 C without difficulty under voltage 
stresses of 50 volts per mil for either the K 3500 high 
dielectric constant titanates and the more stable K 700 
materials. The 50 volts per mil voltage stress is a con- 
venient figure from both manufacturing and application 
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standpoints, allowing a 2:1 safety factor for a 20-mil 
thick ceramic rated at 500 volts. 

At 200 C however, both the K 3500 and K 700 
materials fail completely in less than a day of continual 
operation at 50 volts per mil. It is possible of course 
to apply voltage derating; however, the generally ac- 
cepted formula predicts that the expected life will be 
cut in half with every 10 C rise in operating temperature, 
leading to derating figures too low to be of practical 
value. 

In contrast, the type “CH” titanate dielectric develop- 
ed for this high-temperature application withstands with- 
out difficulty the full 50 volts per mil at 200 C. In fact, 
doubling the voltage stress to 100 volts per mil at 200 
C has no apparent effect on the life of the units. At 
the end of 500 hr or approximately 3 weeks, no signi- 


K3500, 50v/mil 


K700, 50v/mil 


200C Type "CH", 5Ov/mil 


Type "CH", 1(00v/mil 


3500, 50v/mil 
K700, 50v/mil 
Type “CH! 50v/mil 


50 100 150 200 250 300 350 400 450 500 
Time to life-test foilure under voltoge stress , hr 


Fig. 1—Hours before life-test failure under voltage stress 
at 85 and 200 C for various ceramic dielectrics. 
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Fig. 2—Dielectric constant vs temperature for various ceramic 


dielectrics at 1 ke. 


ficant change has occurred in the characteristics at 
Its favorable life test results indicate, 
therefore, a study of its other characteristics to deter- 
mine possible applications. 


either voltage. 


The behavior of the dielectric constant vs tempera- 
In it, the type “CH” dielectric 
is shown to have a roughly linear characteristic decreas- 
ing from a maximum of K 2300 near —50 C through 
K 1800 at room temperature to K 500 at approximately 
300 C. The dielectric constant at 200 C is 850 and is 
a decrease of about 57 per cent from the room tempera- 
ture value. It is of interest to note the hump in the 
curve at 121 C, the Curie temperature of barium titanate. 
At the extreme high temperature end of the curve the 
dielectric constant apparently turns upward, since the 
loss has increased to the point where it becomes a 
significant factor in dielectric constant. 

In these figures, curves are plotted for two titanate 
dielectrics generally employed to make present ceramic 
capacitors. For bypass and coupling applications, K 
3500 material is generally used, although ceramics with 
dielectric constants as high as 6000 at room temperatures 
are sometimes employed. At temperatures above 100 C 
it can be seen that this body has almost exactly the 
same dielectric constant as does the type “CH” and if 
it were not for its poor life properties would be equally 
as satisfactory for 200 C application. The change from 
the room temperature to the 200 C value is approximately 
a 77 per cent decrease. 

Materials having a dielectric constant of 700 are often 
used where a stable capacity is required throughout the 
normal operating temperature range. The material shown, 
in this case actually a K of 800, maintains its stability 
up to approximately 85 C and then drops eventually to 
a low of 450. 

In Fig. 3 the dissipation factor of these same bodies 
is plotted against temperature. The type “CH” material 
having a somewhat lower loss at extremely low tem- 
perature. Since a dissipation factor of 1.5 per cent or 
below is generally satisfactory, both of these materials 
meet this requirement up to 230 C. The rapid rise of 
the type “CH” dissipation factor above 230 C however 


ture is shown in Fig. 2. 
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Dissipation 


Fig. 3—Dissipation factor vs temperature for three ceramie 
dielectrics at 1 ke. 


makes this at present the limiting factor in its high- 
temperature use. 

In contrast, the stable K 700 ceramic shows a rapid 
rise at temperatures a little above 100 C although in the 
range of normal operating temperatures it is signficantly 
below the other two bodies. Other K 700 materials can 
be formulated to elevate this point of increasing dissipa- 
tion factor. This particular body was chosen for com- 
parison to demonstrate that loss can be a limiting factor 
even in the so-called stable bodies. 

Insulation resistance also varies strongly with tem- 
perature. If capacitors which measure 0.01 »fd at room 
temperature are made from each of the bodies, the 
variation of their insulation resistances with temperature 
is as shown logarithmically in Fig. 4. For coupling 
applications, insulation resistances below 1000 megohms 
can cause a significant leakage bias. As by-pass capa- 
citors, values as low as 1 megohm can sometimes be 
tolerated. 

Figure 4 indicates that the “CH” body can be used 
to 200 C whereas a limit of perhaps 140 C exists for 
K 3500 material in coupling circuits. At 150 C the 
“CH” ceramic is more than 10 times better than the 
K 3500. Actually, if equal capacitance is desired at 200 
C, because of the more rapid fall off of the dielectric 
constant of the K 3500 material it would be necessary 
almost to double its size to produce an equivalent 
capacitor, thus decreasing its insulation resistance at this 
temperature by another factor of 2. The K 700 material 
shows an even lower insulation resistance for an equiva- 
lent size, although it is generally used for lower capaci- 
tanace values. It should be noted that readings above 
100,000 megohms are governed more by the coating 
materials, the test jigs and the humidity of the day 
than by the bodies themselves. 

In Fig. 5 the dielectric constants of the three types 
of ceramics are plotted as a function of frec :-ncy at 
room temperature. All bodies show small variations 
up to 3 me with an increasing drop above this frequency. 
All are satisfactory for normal coupling and bypass 
use. Figure 6 shows the variation of dissipation factor 
with frequency over the same range. In this case, the 
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Fig. 4—Insulation resistance vs temperature. One minute 
electrification time at 500 volts (0.01 uf at room temperature). 


K 3500 material begins to show a significant increase 
at 1 me whereas the lower dielectric constant “CH” 
and particularly the K 700 materials maintain low dis- 
sipation factors up to 10 me. 

Voltage breakdown has been measured for the “CH” 
body at both room temperatures and 200 C. An average 
d-c dielectric strength of 200 volts per mil is exhibited 
at room temperature. At the same temperature the 60- 
cycle voltage breakdown averages approximately 125 
volts per mil rms or about 175 volts per mil peak. At 
200 C, the d-c voltage breakdown occurs at about 135 
volts per mil. 

All high dielectric constant ceramics exhibit a phe- 
nomenon called aging, in reality a relaxation of the 
crystal strains set up by temperature changes. At room 
temperatures the “CH” body has a 3 per cent per decade 
aging factor, which is normal for the better high dielec- 
tric constant materials. 

In the previous review of the electrical properties of 
the “CH” ceramic, no figures were given for voltage 
ratings, intentionally. The rating of any capacitor de- 
pends upon several factors, only one of which being 
the inherent capabilities of the dielectric. Other factors 
which must be considered are the reliability required, 
the average length of time for which operation must 
be assured and the increased cost which can be tolerated 
in adding visual inspections and closer process controls 
to remove the mechanical defects inherent in ceramic 
manufacture. Since it is expected at least initially, ap- 
plications for this body will be specialized it is preferable 
to set ratings for each individual case. However, as 
an indication of the possible values which can be ob- 
tained, a type “CH” capacitor presently being used in 
a commercial application has a capacity of 1000 ypf 
GMV at 200 C and is rated for 1 kv continuous stress 
at this temperature. This unit measures 7 in. in diam. 

Fabrication of the high-temperature capacitors ex- 
hibits some differences from standard techniques. Refer- 
ing to Fig. 7, a ceramic blank can be produced by any 
of several standard forming and firing methods includ- 
ing powder pressing or liquid casting. Either tunnel 
(Continued on page 388) 
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Ceramic blank Silvered ceramic blank 





Assembled capacitor Finished capacitor 


Fig. 7—Assembly of a 1000 uuf GMV, 1 KV capacitor for 200 
C operation. 
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Photo-Template Techniques 
for Control Drawings 


Component standardization and the need for uniform diagrams have 


brought about many changes in the art of making engineering draw- 


ings. A new technique combining the use of plastics templates of 


component symbols and photographic copying brings substantial 


time saving in the drafting room and in the factory assembly area. 


V. F. DUGAR, Design Engineer 
Control Division 


ReEviANCE ELectric AND ENGINEERING COMPANY 
Cleveland, Ohio 


THE EFFECTS OF INDUSTRIAL STANDARDIZATION have been 
many. They are reflected not only in the growth of 
industry itself but also in the many tools and techniques 
that have been developed to meet the challenge of that 
growth. In the process of making engineering drawings. 
the draftsman has for many years been using an ever- 
increasing number of tools to facilitate his work and 
permit it to fit more readily into the pattern of standardi- 
zation. The T Square, the triangle, the profile template. 
and the combination drafting machine have all con- 
tributed toward achieving a high-quality, universally 
acceptable drawing in the shortest possible time. The use 
of photocopying techniques has, in recent years, added 
greatly to the standardization and quality of drawings. 

Component Standardization. In the field of elec- 
trical control equipment, the standardization of com- 
ponents has led to even further gains in streamlined 
drafting procedure. Standard components in this case 
include standard notes, standard symbols, or standard 
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parts, any or all of which, when used in a particular com- 
bination, comprise an assembly or a single drawing. Rub- 
ber and transparent plastic stamps of such items can be 
used repeatedly in the making of a drawing. Adhesive- 
backed acetate symbol sheets can be cut out and stuck to 
the back of vellum or tracing cloth drawings. A technique 
combining templates and photocopying recently devised 
by Reliance Electric and Engineering Co. for the drafting 
of standard NEMA control drawings has brought a sub- 
stantial time saving not only to the drafting room but 
also in the factory where the conciseness and clarity 
of the drawing obtained have facilitated assembly and 
wiring. 

Control wiring drawings must contain a connection 
diagram, an elementary diagram, an electrical stock list, 
and a sequence of operation description. (Fig. 1) (See 
JIC Electrical Standards for Industrial Equipment, 
ELECTRICAL MANUFACTURING, June 1957, page 127). 
On the connection diagram the new technique makes 
possible a scaled panel representation from which di- 
mensional data may be taken without first making a 
completely dimensioned panel drawing. 

Elementary diagrams, since their primary use is cir- 
cuit analysis, are never to scale and, in accordance with 
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NEMA standards, are similar to that shown in Fig. 2. 
Note the use of the cross-reference system recently 
adopted for locating relay contacts. The numbers at the 
right under the functional title of the relay tell in what 
lines, as numbered on the left side, the relay contacts 
may be found. Additional information is obtained from 
the fact that the numbers on the right that are underlined 
indicate normally-closed contacts; those without under- 
lines are normally open. The total number of contacts 
on any particular device is readily determined by how 
many numbers appear in the group. 

Clear Plastics Templates. On connection diagrams 
each control component has a symbol conforming with 
NEMA standards. At Reliance plastic templates made of 
methyl methacrylate *¢ in. thick are machined to con- 
form with the outline of each component on a %¢ to 1 
scale. On the bottom face of the template is imprinted 
the symbol of the component (Fig. 3). The symbol image 
is direct reading when viewed through the template thick- 
ness and may be produced either by cementing a piece 
of photographic film to the template or by photograph- 
ically sensitizing the template material. 

The procedure for using the templates with a minimum 
of drawing effort is as follows. The draftsman fastens 
to a movable, light-weight layout board a standard-size 
sheet of white-print, B-and-W or ammonia-process paper 
with the light-sensitive side of the paper up. On 
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Fig. 2—Elementary diagram to NEMA 
standards with cross-referencing for 
easy location of relay contacts. 


Field loss relay 
P.U. 1.63 amps 

22 amps 
Fig. 3—Aecrylic plastics templates with 
component symbols imprinted on bot- 
tom side. Symbols are made on a *% 
to 1 scale. 
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ad adit Fig. 5—Original layout is made per- 
manent by exposing light-sensitive 
paper with templates in place. The re- 
sulting print is then sent to reproduc- 
tion department for a tracing to be 
made using identical templates. 
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this he places a slip sheet which has a grid work of %-in. 
squares. Over the slip sheet is placed a transparent thin 
film bearing standard data such as border, title block, 
change record blocks, and similar notations. Usually, 
this film sheet is also marked with an accurate, scaled 
outline of the panel. The film sheet is fastened along its 
top edge to the layout board. 

Working from an engineering rough schematic, the 
draftsman determines the type and number of control 
components he must use for his panel layout. He obtains 
the required templates and various standard notation 
and connection table templates from a central storage 
file. He then places the templates on the layout board 
to obtain the best arrangement of components. (Fig. 4) 
The light-sensitive paper used must be slow speed so 
that it will not become over-exposed while the layout is 
in process. However, experience has shown that a lay- 
out can be completed in an average of fifteen minutes 
which is not long enough to expose the paper. When he 
has completed the layout, the draftsman slips the grid 
sheet out from between the film and the light-sensitive 
paper and exposes the paper on a light table as shown 
in Fig. 5. The paper is then developed and dried in the 
B-and-W or ammonia-process machine. The fact that 
the layout print is so easily and quickly made means that, 
if corrections or changes are necessary, a new one is no 
problem to make. 
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When the draftsman is satisfied that he has an ac- 
ceptable layout, the print is sent to the reproduction 
department, where a final vellum or cloth tracing is made 
by a photographic process. A duplicate set of templates 
is maintained in the reproduction department so that 
the layout can be made identical to the draftsman’s 
print. The completed final tracing is returned to the 
draftsman so that he can finish it by adding lines to 
represent wiring, wire sizes, terminal numbers, and other 
information that must be put in by hand or typewriter. 

It has been found that a time saving of about 35 per 
cent can be realized with the use of this template-photo- 
copying technique. Other important advantages are: 

1. Checks for accuracy are kept to a minimum since 
all like templates are identical. A device need only be 
identified, not checked in detail. 

2. The draftsman is relieved of the monotony and 
repetition of detailing components and can concentrate 
on the more important aspects of layout. 

3. Panel construction is achieved with a minimum of 
drawings since the scaled wiring diagram bears all neces- 
sary information. 

The template-photocopying technique can, of course, 
be used in making drawings in other fields beside in- 
dustrial control. Any area, such as hydraulics or elec- 
tronics, where components are standardized and used 
repeatedly, can benefit by the use of the technique. O O © 
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Test installation of 1500-hp, 2300-volt, 28-pole synchronous motor. 


Multi-Function 


Magnetic Amplifier Control 
for Large Motors 


For control and protection of heavy-duty 
electrical machines, standard overload re- 
lays and similar equipment acquire great- 
er sensitivity and even new functions. 
without sacrificing rugged dependability. 
by using magnetic amplifiers as the brains 
of the supervisory circuits. Control refine- 
ments such as ““measuring” temperature 
rise in the electrically isolated rotor circuit 
of the motor by external simulation are 
made possible by the use of both the dy- 
namic and static amplifier characteristics. 
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THE PARTICULAR FEATURES of synchronous motors that 
lead to their use as drives are inherent constant speed 
and power factor correcting ability. Their use is com- 
plicated by the relatively elaborate control, excitation and 
protective equipment required, involving relays and other 
auxiliary devices for the cited purposes and also for 
starting and during occasional subsynchronous operation. 
The continually increasing size of synchronous motors 
creates a need for further refinement of the controls ana 
protective features to meet the demand, in modern in- 
dustry. for safe and uninterrupted operation of heavy- 
load equipment. 

Excellent stator winding protection has been available 
in the form of induction and thermal overload relays, 
current balance relays. differential, reverse phase and 
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undervoltage relays. In combination, these can protect 
the stationary motor windings against improper operating 
conditions. One important problem in effective synchro- 
nous motor protection is that there are windings in the 
motor other than the stator windings which upon failure 
can lead to costly repair emergencies and plant shut- 
downs. These are the starting windings, which in large 
synchronous motors are in the form of rotor cage wind. 
ings. By their nature these do not have external connec- 
tion terminals which creates a severe problem in develop- 
ing protective equipment for these windings. Experience 
has shown that present practices sometimes leave the 
rotor cage windings inadequately protected. 

Cage windings have relatively low thermal capacities. 
At starting and under other conditions of subsynchronous 
speed these windings carry induced currents which may 
be high enough to damage the conductor connections 
within a few seconds. This is because the rate of heating 
in these windings is largely proportional to the slip or 
frequency of the induced rotor winding current. Since it 
is not feasible to connect temperature sensing devices 
directly to the cage windings, the thermal conditions in 
these windings must be detected by simulation in a cir- 
cuit external to the motor. This must be capable of sens- 
ing, in effect, any of a number of abnormal operating 
conditions which can be responsible for excessive heating 
of the cage windings. 
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Fig. 1—Switchgear auxiliary 
unit for synchronous motor, 
with magnetic amplifier field ap- 
plication cireuit (rear of top 
panel, inset above). 
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The complex and interrelated circuit functions re- 
quired of a system in order to give complete protection 
and control of large synchronous motors, including rotor 
cage winding protection by simulation, can be fully ac- 
complished by a simple magnetic amplifier in conjunc- 
tion with a few standard relays. Figure 1 shows such a 
synchronous motor control unit including magnetic 
amplifier installed in a modern switchgear unit. 

Circuit Requirements. Upon starting, the motor 
must synchronize with the least amount of power system 
disturbance, either unloaded or in some cases with a 
moderate load. At subsynchronous speed the motor torque 
is developed in a manner similar to an induction motor, 
and since this torque is dependent upon the speed dif- 
ference between the rotor and the rotating field in the 
stator, large motors will usually accelerate to a speed 
2 to 3 per cent below synchronous speed. Field excita- 
tion should be applied shortly before the maximum sub- 
synchronous speed has been attained. This switching 
operation is done automatically and involves the opening 
of the normally closed discharge contact 416] of the field 
contactor 4] and the closing of its normally open main 
contacts 4lal and 4Ja2, Fig. 2. During starting and with 
the discharge contact 411 still closed a current is in- 
duced in the field windings of the rotor, which has a 
frequency directly proportional to the speed difference 
of the rotor and the stator field. This current is called 
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“slip frequency current /,”. An oscillographic record 
of this current is shown in Fig. 3, lower, and it will be 
noted that frequency decreases from a maximum of power 
line frequency at the start to a minimum near syncronism. 
Maximum pull-in torque is attained and minimum power 
system disturbance results if excitation is applied when 
the flux linking the field winding is at a positive maximum 
with respect to the rising excitation current. Figure 4 
is an illustration of the conditions which prevail during 
the starting period. The shaded area is usually the region 
of maximum flux linkage with the field winding and con- 
tacts 4lal and 4]Ja2 of the field contactor 4] should 
preferably close during this time interval. It is, therefore, 
the first requirement of an automatic synchronous motor 
control that provision be made for accurate control of 
the field contactor with respect to the slip frequency cur- 
rent /, during starting. 

Another operational requirement is that the field cur- 
rent must be interrupted at once if the motor pulls out 
of step due to overload, low power system voltage or 
insufficient excitation current, because severe system dis- 
turbance and strain on the motor’s windings will result 
if the motor is allowed to operate excited but out of 
synchronism with the power system. Large synchronous 
motors require a starting reactor or auto transformer for 
providing reduced motor terminal voltage during part of 
the starting cycle. The required reactor switching is per- 
formed automatically by a preset timing device which 
also has contacts for shutdown of the motor should the 
entire starting operation take an excess amount of time. 
The motor should furthermore be protected against locked 
rotor because under this condition the induced current 
has power line frequency and the rate of heating of the 
cage winding is greatest. 

If the control scheme includes a starting reactor, it is 
necessary to include some form of overload protection 
for the reactor. Field current failure protection is very 
important because loss of field current leads to imme- 
diate pull out of the loaded motor, and if the motor is 
allowed to drift for an excessive length of time at sub- 
synchronous speed, the cage winding will heat beyond 
the point of safety. It is also desirable to protect the 
motor against partial field failure which may result from 
low exciter voltage and field current. This type of pro- 
tection is especially important in unattended synchronous 
motor installations where the machine is running as a 
condenser for system power factor correction. 

All automatic operational devices mentioned must 
function in predetermined order and time. A provision 
for this is called “incomplete sequence protection.” 
Finally, it is advisable to provide a protective feature 
which will act as a watchman to check the proper func- 
tion of all protective and operational devices. A feature 
of this type is called “incomplete sequence back-up pro- 
tection”. 

Magnetic Amplifier. Figure 5 shows the magnetic 
amplifier pulse control transfer characteristics. The load 
or gate current of the amplifier can be varied statically 
by the amount of control ampere-turns, and dynamically 
if the control ampere-turns are pulse controlled. An 
amplifier especially designed for this form of operation 
will have high amplification, and the ratio of the square 
of the control-winding turns to control-circuit resistance 
will be relatively large (1) *. 


*Italic numerals in parentheses apply to Cited References at end of article 
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The amplifier sensitivity to the usual causes for drift 
is less than that of a high speed statically controlled 
amplifier of equal circuit simplicity, because its control 
performance is primarily based upon dynamic power 
gain (2). Study of Fig. 5 will reveal that the particular 
and beneficial features of the dynamically-controlled and 
self-excited magnetic amplifier are most pronounced in 
the low gate current region. Evidence of this is the 
progressive separation of control current pulse control 
curves. Also very evident is the fact that the pulse con- 
trol curves flatten out with increasing ampere-turns. Thus 
the gate current change is more influenced by the pulse 
frequency of the control current than by its amplitude. 
This applies only in the region of critical gate current 
cutoff. 

Control Functions. The complete circuit, Fig. 2, 
shows the complex control scheme for a reduced-voltage 
motor starter. Full-voltage starting would omit the start- 
ing breaker and associated auxiliary contacts but would 
function in essentially the same manner as the reduced- 
voltage motor starter. 

The circuit breaker 6 is closed by turning control 
switch marked CS-Close, pressing pushbutton PB-1, or by 
means of a flow switch or other automatic control ele- 
ment marked FS]. Under-voltage relay 47 will be ener- 
gized from the potential transformer and its contact 47a] 
will be closed. When closing the control switch CS-Close. 
current will flow from the control power source through 
connector 12] and contact CS-Close, through the contact 
47al and a normally closed contact of circuit breaker 42 
marked 425] to the closing relays of the circuit breaker 6. 
then through connector 122 back to the source. 

The circuit breaker control scheme is conventional. 
When circuit breaker 6 closes, current will flow from 
the power source through circuit breaker 6, the stator 
windings of the synchronous motor and the starting 
reactor. Simultaneously with energizing the stator wind- 
ing of the motor, induced current will flow in the field 
winding of the synchronous motor and in the cage wind- 
ing. The slip frequency current Is through the field wind- 
ing circulates through contact 41b/ of the field contactor 
and the discharge resistor R,, and back to the field wind- 
ing. This current Ig will have a frequency which is the line 
frequency at the instant of closing the circuit breaker 6, 
and will gradually reduce its frequency to zero at syn- 
chronism. If the motor pulls into step, at approximately 
95 to 98 per cent of synchronous speed, the frequency 
of current I, will reduce to approximately 2 cps. 

At the start, current will also flow from the potential 
transformer terminal V] through the contact 6a] and the 
resistor network formed by R21, R121] and R23 through 
thermal relay 48, contact 41b2, load windings (1-2) and 
(3-4) of the magnetic amplifier, rectifiers RR-5 and RR 
and back to terminal VO of the potential transformer. 
Relay 13 performs the function of energizing the field 
breaker at the desired moment. This relay is a simple 
magnetic type with no “intelligence” of its own, but per- 
forms under the supervision of the magnetic amplifier. 
Similarly, the thermal relay 48 is brought under the 
command of the magnetic amplifier, and serves to simu- 
late the rate of heating of the motor cage winding on 
the basis of slip frequency current. 

The resistance between terminals 6 and 14 is kept 
approximately constant under all operating conditions 
by proper opening and closing of the circuit breaker 
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auxiliary switches 4163, 42b2 and 42al. The voltage 
which is developed between terminals 6 and 14 causes a 
current to flow through the full wave rectifier RR-3, 
resistor R9, contact 13X3 of the timing relay 13X and 
back to the rectifier RR-3. The load current of the mag- 
netic amplifier at the moment of start has a high value. 
It is adjusted to approximately 3 amp by the control 
ampere-turns resulting from simultaneous or independent 
energization of amplifier’s various control windings. At 
the instant of start, relay 13 picks up under the influence 
of the voltage drop between terminal 6 and 14. This 
voltage is rectified by the full wave bridge RR-3 and 
current is circulated through the relay contact 13 in 
series with resistor R9 and contact ]3X3. Adjustment of 
R9 provides for pickup adjustment of relay 13. 

Figure 6 shows the magnetic amplifier static-transfer 
characteristic. This indicates the relation of the amplifier 
load current to the net result of the ampere-turns of the 
control windings. Control-winding (7-8) is the “control 
bias winding”, (9-10) is the “signal control winding”, 
and (J]-12) is the “signal bias control winding”. The 
control windings are connected to the control circuits 
with such polarity that the amplifier load current is 
driven up or down as shown in Fig. 2 by the various 
arrows between the control windings. Windings (5-6). 
(7-8) and (9-10) drive the amplifier load current down 
while winding (JJ-12) when energized increases the 
load current. 

At the moment starting breaker 6 is closed current 
Iy is induced in the motor field windings. The larger 
part of this current will flow from the fiield winding 
through the field discharge resistor and field breaker 
discharge contact 4/6], back to the field winding. Part 
of the current Is will also flow through resistor R2. The 
resulting voltage across part of this resistor is in phase 
with the induced field winding slip frequency current Is. 
and has a frequency and amplitude as shown on oscil- 
logram Fig. 3 as Vy. This voltage Vx is introduced as a 
source for the control signal and control signal bias 
voltage, which is applied to the amplifier control wind- 
ings (9-10) and (11-12). In order to simplify calibra- 
tion procedures this voltage Vs is adjusted to a fixed 
value at the moment of the motors start. If the terminal 
voltage of the motor is changed abruptly when the start- 
ing reactor is short circuited by the running breaker. a 
corresponding adjustment and correction is made by the 
running breakers auxiliary contacts 42al and 42b3. 

The phase-shifting circuit formed by resistor R4, 
capacitor C2, resistor R3 and resistor R5 functions in 
such a manner that it makes automatic adjustments in 
the control voltage applied to control winding (9-10) in 
order to compensate to a ceftain degree for variations 
of circuit time constants. This compensation is necessary 
if the motor chooses to synchronize at different fre- 
quencies on account of different loading, or line voltage 
variation. Since the closing of the field contactor essen- 
tially always takes the same amount of time, the impulse 
to close the circuit breaker must be given at different 
phase angles for different slip frequencies from which 
the rotor pulls into step. The voltage which is applied 
between terminals 7/0 and TJ11 is therefore an alter- 
nating voltage with varying frequency, amplitude and 
phase angle. The diode RR4 is connected in such a 
manner that in one half cycle it drives the amplifier 
down while in the next half cycle the diode acts as a 
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short circuit for the control winding and the choke coil 
H2. This connection emphasizes frequency response of 
the amplifier and provides a discharge pass for the 
energy during the half-cycle in which the control power 
is cut off. The choke coil H2 is introduced to minimize 
the effect of higher harmonics. 

The oscillogram Fig. 3, upper, shows the amplifier 
load current modulation resulting from the variable fre- 
quency control signal voltage applied to control winding 
(9-10) without the benefit of the frequency responsive 
bias control winding (1J-12). As the motor gains speed, 
the effect of the half-cycle control voltage pulses applied 
to winding (9-10) becomes more pronounced, until the 
output current of the magnetic amplifier is periodically 
reduced to such a low value and for a sufficient length 
of time for the field application relay 13 to drop out and 
close its contact 13a]. An immediate closure of the field 
contactor is the result. 

The voltage drop developed during starting, across 
resistor RJ and R2, will be substantially constant up to 
a speed of 98 per cent of synchronous speed. If a 50 per 
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big. 4—Synchronous motor starting-period conditions. 


cent tap on the starting reactor is used, the voltage drop 
across resistor R2, with circuit breaker 6 closed and run- 
ning breaker 42 opened, will be approximately 1 of the 
voltage obtained when both circuit breakers are closed 
and full voltage is applied to the synchronous motor 
stator terminals. Therefore, simultaneously with closure 
of the circuit breaker 42, taps are changed on the re- 
sistor R2. 

The bias control winding (/1-12) driving the magnetic 
amplifier load current up is used for control supervision 
of the cage winding protective relay 48. This is a thermal 
relay and as such is largely responsive to the square of 
the amplifier load current. Figure 7 shows the manner in 
which the control circuits connected to magnetic amplifier 
control windings (9-10) and (11-12) can be arranged 
to provide a variation of the rms value of the gate cur- 
rent, as a function of the signal voltage amplitude and 
frequency, by properly proportioning the voltages in- 
troduced in the control windings. The resonant circuit 
formed by a choke coil H] and capacitor C4 can be tuned 
to the desired frequency and will respond in such a 
manner that the action of control winding (11]-12) is 
emphasized at this control voltage frequency. It is pos- 
sible to control the magnetic amplifier gate current in 
accordance with curve 1, 2 or practically in a straight 
line 3 as shown in Fig. 7. For special applications desired 
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performance can be obtained by balancing or unbalanc- 
ing areas A and B. Heating of the motor cage winding 
will be most severe under locked rotor conditions with 
the stator connected to full line voltage. The rate of 
heating of the cage winding is reduced proportionally 
to a factor representing the ratio of the square of the 
reduced voltage divided by the square of the line voltage. 
For example, a cage winding will reach a certain tempera- 
ture in approximately four times as much time on 50 
per cent of line voltage as compared with the time it 
would take to reach the same temperature if full voltage 
is applied to the stator terminals. 

In order to compensate for the sudden change in the 
rate of heating of the cage winding under the influence 
of stator voltage changes which occur simultaneously 
with changing from the starting reactor connection to 
full voltage operation, resistor network R21, R23 and 
R121] around thermal relay 48 has been provided and 
contacts 42a], 41b3 and 42b2 are connected in such a 
manner as to compensate for stator terminal voltages 
during the starting cycle. This switching arrangement 
provides for a heating cycle of the thermal relay 48 
completely coordinated with the heating cycle of the 
motor cage winding. The rate of heating of the cage 
winding of the motor varies with the torque and the 
voltage. The torque is a function of speed and motor 
design parameters. Assuming that the torque is sub- 
stantially constant from start to synchronous speed, the 
rate of heating of the cage winding will vary with the 
frequency of the induced current. 

In order to make the thermal relay 48 effective for 
cage winding protection, the rate of heating of the 
thermal relay must follow approximately the rate of 
heating of the cage winding at various subsynchronous 
speeds. If a proportional characteristic of cage winding 
heating with reference to slip cycle frequency is assumed, 
the square of the current flowing through the thermal 
relay must also be a straight line function of the slip 
cycle frequency because the rate of heating of the thermal 
relay is dependent upon the square of the heating cur- 
rent. This applies to full voltage starting, while at re- 
duced voltage the current must be proportionally reduced 
in the ratio of the square of the reduced voltage to the 
square of the full voltage. For this purpose the resistor 
and switching network is in parallel with the thermal 
relay 48. 

From the application point of view, it is desirable to 
control the amplifier output current and thermal relay 48 
in accordance with Curve 1. Fig. 7, as this gives the 
motor definite locked rotor protection and allows plenty 
of time for starting under load. Controls are set so that 
if the cage winding of the motor is heated beyond the 
safe limit, relay 48 will sense this condition by simula- 
tion and will function to open the starting breaker and 
disconnect the motor from the power line. 

The magnetic amplifier’s complete control character- 
istic in connection with the field application relay 13 is 
shown in Fig. 8. The voltage Vxs,, which is the signal bias 
control voltage taken from rheostat R,,, the signal con- 
trol voltage V.. taken from R;,, and the control bias 
voltage V, from R,,, determine the frequency sensitivity 
of relay 13 in connection with the magnetic amplifier 
control. Figure 8 shows that there is apparently a straight 
line characteristic which suggests stability of an order 
which places the amplifier in line with other circuit 
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elements such as magnetic relays. The voltage V, is 
applied to a full wave rectifier RR-2 and is used to 
energize the bias control winding (7-8) in such a manner 
that compensation is provided for voltage variations in 
the power line. 

The phase shift between the control signal voltage 
V2 and the gate current modulation is influenced by the 
magnitude of resistor R;. The larger R; is, the greater is 
the overall time delay between the signal control voltage 
variation and the corresponding gate current modulation 
for any given frequency of V,. Therefore, the control 
characteristic as shown in Fig. 8 is valid only for certain 
circuit constants and calibration must be repeated for 
various values of R;. 

Lines marked 2.5 cps, 3 cps and 4 cps indicate the slip- 
current frequency at which relay 13 will drop out and 
energize the coil of the field contactor 4]. Once this con- 
trol system has been properly calibrated, readjustment 
of the controls in the field is a simple matter. For proper 
separation of the slip-frequency sensitivity it is neces- 
sary that the signal control voltage V,- be of sufficient 
magnitude, as is evident from Fig. 8. The frequency drop 
out curves converge at one point which corresponds to 
signal control voltage (peak) —V,. = 0. 

It will be noted that the field application relay contacts 
13b1] and 13b2 close the instant relay 13 is energized. 
Contact 136] will permit current to flow from the con- 
trol power source wire ]]] through contact 13b1, tim- 
ing relay 13X through contact 6a2 of the starting breaker 
and back to the source through wire 1/2. The timing 
relay 13X will close its contacts 13X2 and 13X4 after a 
short time and simultaneously with this operation con- 
tacts 13XJ and 13X3 will open. Relay 13 is now put under 
the influence of the adjustment of resistor R8 because 
contact 13b2 was previously closed and now relay 13X 
had closed its contact 13X4 which is connected in series 
with 1362. The adjustment of resistor R8 will, therefore, 
be a determining factor in the operation of relay 3. 

A circuit has been prepared to energize the field con- 
tactor 4] the instant contact ]3al of the field application 
relay closes again. At this instant current will flow from 
the source wire ]]/] through contact ]3al, contact 3X2 
and the closing coil of the field contactor 4], through 
contact 6a2 and 42a3 back to the source. An auxiliary 
contact 4]a3 of the field contactor closes at the instant 
the field contactor closes its main contacts and the normal- 
ly open contact 13b/] of relay 13 opens again de-energiz- 
ing the auxiliary timing relay 13X. After an adjustable 
time delay, contact 13X] closes and 13X2 opens. The 
circuit is now in a condition to allow immediate opening 
of the field breaker 4] in case the field application relay 
13 should again be energized in the event of field failure. 

Relay 19 is a timing device which is energized the in- 
stant the starting breaker is closed and its auxiliary 
contact 6a2 closes. One normally open contact 197] of 
this relay closes the running breaker 42 which short 
circuits the starting reactor at a pre-determined time 
thus putting the motor on full power line voltage. The 
timing of the contact ]97/ is usually arranged to close 
the running breaker after synchronization of the motor 
has taken place in applications in which the motor carries 
practically no load during the starting period and syn- 
chronization may be accomlished without difficulty. This 
procedure is also followed during the starting of syn- 
chronous condensers because less line voltage disturbance 
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is encountered as compared with a procedure during 
which the running breaker is closed before the field break- 
er closes. The second contact 19T2 of the timing relay 
19 is arranged to give incomplete-sequence back-up pro- 
tection for the thermal relay 48, which has its contact 
(48-48X ) connected in series with a normally open con- 
tract 6a3, the trip coil 67C and contact 6a4 of this start- 
ing breaker. 

Should the motor exceed the predetermined starting 
time, contact (48-48X) will close and trip the circuit 
breaker. If this relay should for any reason not function 
properly, back-up protection is provided by relay 19 and 
its contact 19T2 which is connected in series with the 
starting breaker, auxiliary contact 42b4 or 42b5, and 
performs the same function, namely energizing the trip 
coil 6TC of the starting breaker. Contact (48-48X) is 
closed by the action of two separately heated bimetal 
strips of the thermal relay with two separate heaters, 
48 and 48X. Heater 48 is identified as relay 48 and 
heater 48X is identified as relay 48X, which is adjusted 
for a slower rate of heating by means of resistors R16 
and R17. This arrangement gives assistance to the main 
cage protection thermal unit 48 in case the heater should 


fail. 
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It will be noted that in this control scheme extreme 
care has been given to protection of the cage winding of 
the motor. Many motors in the past have failed simply 
because the operators were not aware of the fact that 
the cage winding of the motor was heating rapidly each 
time the motor went through its starting ‘cycle. In case 
of trouble operators were inclined to get the motor back 
in operation as quickly as possible. This procedure may 
lead to an excessive number of trial starts resulting in 
overheating of the cage winding as well as the starting 
reactor. For this reason the control scheme has included 
the reset indicating lamp marked “A”, which is con- 
nected in series with the contact (48-48X) of the cage 
protection thermal relay. Should this relay time out, it 
will indicate this condition by keeping the reset indicator 
lighted until the machine, as well as the relays, have 
cooled sufficiently to permit a safe start. 

Simultaneously with energizing this indicating reset 
lamp, relay 48Y is energized hie closes contacts 48Y] 
and 48Y2. This prevents the heating element 48X from 
cooling too fast by providing a path for a small current 
to flow from the source wire 11] through contact 48Y1, 
resistor R18, the thermal element 48X, resistors R16, 
R17 and back to the source. Contact 48Y performs a 
similar function by providing a path for a relatively 
small residual current to flow from the potential trans- 
former through wire V1, contact 48Y2, the network of 
resistors R2], R121, R23 and thermal relay 48, through 
the amplifier load windings (1-2) and (3-4), rectifiers 
RR-5 and RR-6, back to the potential transformers. The 
rate of cooling of both thermal elements 48 and 48X is 
therefore controlled in a manner to simulate the rate of 
cooling of the cage winding of the motor. The thermal 
capacity of the starting reactor usually exceeds the 
thermal rating of the synchronous motor cage winding 
and therefore requires no special provision. 

Field Failure Protection. In accordance with Fig. 9, 
the load current of the magnetic amplifier is kept at 
a low value. With the motor in operation, the field 
current flows through the field windings, the shunt con- 
nected to the magnetic amplifier control winding (5-6) 


through resistor R7 and the closed auxiliary contact 


Simple Counter 
Detects Machine Drift 


(Continued from page 155) 





If the piece is either over or under the pre-control size 
limits, an electrical control closes in the counting 
circuit of Fig. 3. If the next piece is outside the pre- 
control limit in the same direction (that is, both over 
or both under), a circuit is completed to actuate a 
push-pull solenoid mechanism that changes the diamond 
setting by one ratchet tooth (or 25 millionths). If, in- 
stead, the next piece is within the pre-control limits, a 
timer automatically drops out the contacts set up by the 
previous piece. Thus the diamond is reset only when two 
successive pieces fall outside the pre-control zone in the 
same direction. 
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41a3 of the field breaker. The load current of the am- 
plifier is adjusted by the still effective bias winding (7-8) 
and resistor R14 which is inserted by opening contact 
41b4 when the field breaker closes. Should the field 
current fall below a pre-determined value, control wind- 
ing (5-6) will carry insufficient current and provide in- 
sufficient control ampere-turns for keeping the magnetic 
amplifier at cutoff. Thus, the output current of the am- 
plifier will rise and relay 13 will again be picked up. This 
relay action interrupts the circuit to the field contact 4] 
at the moment contact ]3al of relay 13 opens again. In 
this manner field current failure protection is provided 
and controls may be arranged to shut down the motor 
instantaneously by providing a connection which has been 
marked accordingly between terminals R and S. If this 
connection is not made the motor will try to synchronize 
again automatically. If this is not possible due to ex- 
cessive load, thermal relay 48 eventually will again heat 
up to the point where its contact (48-48X) closes and 
trips the starting circuit breaker. 

Field current will also be interrupted instantaneously 
in a similar manner if the motor is overloaded and pulls 
out of step. In this case, field current is still flowing 
through the motor field winding but an alternating low 
frequency induced current is super-imposed upon the 
d-c excitation current, and the combined action of these 
currents is such that again the amplifier provides a slowly 
pulsating load current which is of sufficient amplitude to 
re-energize relay 13 momentarily, consequently de-ener- 
gizing the holding coil of the field contactor 41. 

The control circuit includes various red and green 
lights which indicate to the operator the power circuit 
breaker operation in line with standard practice. Other 
protective relay contacts such as over-current relays 51, 
thermal over load relay 49 and current balance relay 46 
are not shown in detail because they are connected in a 
conventional manner to the current transformers in the 
main power circuit. Oooo 
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Figure 4 shows a chassis view of the counter, com- 
prised of plug-in miniature relays with dust-tight en- 
closures and an adjustable timer. The relays are 3- 
contact, single pole (4 contacts were found to be un- 
stable) and have an estimated life of 1 million opera- 
tions, which is equivalent of 14 million grinding cycles 
since, statistically, only one piece in 14 will fall out- 
side the pre-control zone in a given direction. 
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Sectionalization of Equipment provides easily replaceable 
plug-in units. Individual circuit functions are contained 
on separate printed circuit boards complete with indicator 
lights. Lights serve a dual function: operational and fault 
location. Fuses on front panel protect separate circuits 
contained in the major component. This should assist the 
maintenance man to isolate malfunction and effect a more 
rapid repair by observing defective fuse. 


A typical plug-in unit withdrawn from a major component 
of an experimental system of a high order of complexity. 
This unit is designed to permit stacking against a string 
of similar units. The printed circuit board provides acces- 
sible test points and permits component replacement. Tubes, 
control and one test point are externally mounted to facili- 
tate maintenance. 








Equipment 
Design 

for Ease of 
Maintenance 


Vaintenance factors to be considered by 
the design engineer to reduce equipment 
“down time” and ease training require- 


ments for maintenance personnel. 


SAMUEL J. LANZALOTTI 
UL. S. Army SicNaL ENGINEERING LABORATORIES 
Fort Monmouth, New Jersey 


MILITARY REQUIREMENTS for increasingly complex elec- 
tronic equipments with resultant maintenance problems 
emphasize the real need for equipment designed for easy 
maintenance. A positive program carried forward with 
a great sense of urgency is needed if this situation is to 
be dealt with effectively. 

The increased number of circuit functions and high 
degree of equipment complexity has resulted in systems 
getting larger and more difficult to maintain. Looking 
to the future, the increasing complexity of equipment will 
dictate a much higher degree of maintenance personnel 
specialization. 

The designer is either a part of the problem or a part 
of the answer to the problem. If he, as a designer, fails 
to do everything he can to include maintenance as one of 
the prime considerations in his design, he is then part 
of the problem. If he is willing to accept the challenge 
and give the matter his serious consideration, he is then 
part of the answer to the problem. The designer is the 
controlling factor: simplification and ease of maintenance 


ELECTRICAL MANUFACTURING 








d weight so that units may be 
R u les fe or ae handled by iat man. 


* e 8. Separately fuse each unit with an 
Designing easily replaceable fuse. 

Limit the number of circuit func- 

fe or tions contained in each unit. 

‘ . ecide Each unit ee a — 

rately mounted, preferably plug- 

Maintainability in boards with components 

mounted in a manner to facilitate 

trouble shooting, repair, and re- 

placement of any component in 


e 


1. Divide major system components the unit without requiring a 
into sub-chassis or units provided major disassembly. Boards con- 
with quick connect-disconnect taining printed wiring and com- 
fasteners where possible. ponents mounted on one side 

2. Use a minimum amount of with appropriate test points are 
fasteners necessary to do the job. preferred. Parts should not be 
Use fasteners which require no mounted at random or stacked 
tools or, at the most simple tools. over one another. Boards con- 

3. Design the console or major taining tubes soldered to printed 
component supporting the sub circuit assemblies or “soldered- 
units, to contain only those items in” because of circuit perform- 
not vulnerable to damage, wear, ance requirements, should in all 
or failure such as wiring, cables, cases be easily removable from 
terminal blocks, brackets, recep- the circuit and components 
tacles and framework. mounted thereto should be 

4. Mount units on guides, slides, or limited to those components pe- 
roll-out racks with suitable limit euliar to that tube or stage. 
stops to prevent damage. Where the cost of finding the 

5. Provide all units with a handle trouble and affecting repair is 
or other means for handling and greater than the cost of the 
carrying. replacement assembly, treat each 

6. Provide minimum but sufficient stage as an expendable item. 
check points mounted in. se- 10. Place tubes so that replacement 
quence externally on each unit will not require disassembly of 
and identified so that a simpli- units. 
fied “check out” procedure can !1. Mount mechanical components, 
be followed. such as gear trains, rotary de- 

7. Design units for optimum size vices, bearing-shaft assemblies, 


can only be achieved if the designer gives the maintenance 
factor his full consideration. 

Equipment failure. A serious aspect of the main- 
tenance picture is the concern over equipment “down 
time” and the effect it may have on the mission for which 
it was designed. Regardless of the competence of the 
maintenance technician, the fact that the equipment de- 
velops a malfunction during a crucial period and con- 
sumes too much time being restored to operation negates 
all the time and effort expended to develop and produce 
it. The ability to keep equipment operating and perform- 
ing its mission while repairs are being made is an ap- 
proach to maintainability that should definitely be em- 
phasized. 

Engineering Teams. That the military is well aware 
of this problem is proven by the fact that within the U. S. 
Army Signal Engineering Laboratories there are estab- 
lished groups authorized to investigate, study and de- 
velop means of fabricating electronic circuits by more 
efficient techniques with the ultimate aim of relieving the 
critical shortage of trained personnel. One aim is to 
produce whole circuits so inexpensively as to permit 
various degrees of expendability to assure simplified 
maintenance. Human engineering is another facility 
established for this purpose and one of its chief func- 
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12. 


13. 


14, 


commutators, switches, etc. re- 
quiring periodic preventive main- 
tenance, so that little or no dis- 
assembly of the unit is required 
and so that damage to other 
delicate components can not 
occur. 

Incorporate safety features. Place- 
ment of internal controls, tubes 
and similar accessible items 
should not expose maintenance 
personnel to the hazard of high 
voltages, sharp corners, and hot 
components. 

Use standard stocked components 
properly labeled for identifica- 
tion and preferably those com- 
ponents that are directly inter- 
changeable with those of several 
suppliers. 

Design and package _ similar 
circuit functions to be inter- 
changeable with and _ between 
different sections of the system 
where feasible. 


. Label each test point on units, if 


possible, to indicate its character- 
istic with tolerances. The instruc- 
tion manual should be simple 
and easily understood even to 
the degree of providing pictorial 
diagrams of instrument scales, 
colored bands on meter scales 
to show “in-tolerance” voltage 
readings, and _ pictorial wave 
forms of scope readings. 


. Design units to permit use of 


extension cables when removing 
from major components for 
functional checking. 





A completely maintainable unit. Tube sockets are provided in 
addition to an easily removable case which embraces the quick 
connect-disconnect features desired for rapid maintenance. 





tions is to consider the maintenance man, his capabilities, 
characteristics, and how he functions within the man- 
machine system. Human engineering programs will help 
to reduce the problem of the selection and training of the 
maintenance personnel. This should result in more ef- 
fective man power utilization. 

Other groups within the military structure who are 
concerned with the overall problem insure that provisions 
for practical and efficient maintenance are given con- 


sideration in the design of equipment, particularly during 
development of evaluation and preproduction models. 


These groups work as a team and are called upon during 
the initial stages of development to offer advice in their 
particular specialties and periodically to monitor pro- 
gress during development. 

Equipment Procuremet. The military specifications 
for new equipments are stressing the requirement for 
ease of maintenance and simplicity of operating features. 
Additional requirements are that the design should allow 
for the performance of minor and routine maintenance 
procedures by organizational personnel. The design must 


also include unitized construction so that major assem- 
blies and components can be replaced at organizational 
level. The design should be such that standard testing 
apparatus may be employed in the maintenance of the 
equipment at all echelons of repair. 

The continued advancement in the science of elec- 
tronics has enabled the military to demand in military 
characteristics, solutions to many difficult problems per- 
taining to signal equipment. Requirements imposed by 
these military characteristics such as size and weight. 
have also led to new component development, improve- 
ment in circuit design, potted components, plug-in as- 
semblies, printed circuits, and equipment miniaturization. 

As the responsibility for meeting these additional re- 
quirements is increased from the development standpoint 
in fulfilling the design and operational requirements the 
maintenance aspects also assume a proportional increase 
in importance. Unless provisions for ease in maintenance 
and simplicity of operation are designed into an equip- 
ment, it is likely that the burden of maintenance and 
operation will be out of proportion to the usefulness of the 


This three-tube amplifier embedded in a modified epoxy resin 
demonstrates another method of unit fabrication. This method 
permits bunching of component parts on a printed circuit 
board in the smallest possible volume and is considered an 
ideal approach to sectionalization of miniature equipments. 
Unpackaged components may be mounted on the printed wiring 
board by mechanized assembly and potted to form the package 
configuration desired. The potting resin serves to anchor 
component parts and as a protective medium against environ- 
mental conditions. The plug-in unit is considered nonrepairable 
ind must be disposed of when malfunction occurs. 


Typical assemblies of unitized circuits (below). Tubes in 
some cases are soldered directly to the circuit pattern and 
failure may be corrected by replacing the complete unit 
Through-pin and spacer connectors may provide a secondary 
function as test points. Electrical connections with the major 
console may be accomplished by judicious placement of silver 
contacts in the unitized circuit to mate with contact members 
in the console. Ease of maintenance is favored by removing 
mounting screws and removing the unit without fear of mis 
tlignment of contact points. 
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equipment. Therefore, extensive coordination between 
development engineers and maintenance engineers be- 
comes a necessity if proper and adequate consideration 
is to be given to meeting the military characteristics and 
the maintenance aspects in equipment design. 

Designers Responsibility. The designer should 
acquire sufficient information about the job the equip- 
ment must perform before beginning a design. He should 
determine the caliber, capabilities, and limitations of 
maintenance personnel, how the equipment will be used, 
and who will use it, whether special test equipment will 
be required and to what degree testing facilities should 
be provided. The answers to these questions, and many 
more, should be obtained in detail from the customer. 
The designer should at all times keep in mind that tried 
and proven commercially available parts should be used 
and that the use of novel and “invented-on-the-spot” 
components should be held to a minimum. He should be 
willing to accept what others have done without his own 
changes unless appreciable improvements, commensurate 
with ease of repair and interchangeability, are realized. 
The final development models should be made simple and 
reliable with all possible easy maintenance features. The 
equipment should be so built that it can be produced 
easily on a production basis without necessity of rework 
and patching expediencies. The design of developmental 
models should reflect a definite maintenance plan that 
will dictate the maintenance approach desired. 


Stacked plug-in printed circuit cards permit further sectional- 
ization of multiple circuit units. This assembly of a broadband 
transistor strip for a special application is sectionalized to 
permit each stage to be replaceable upon malfunction. Checking 
of individual cards or substitution can quickly isolate the 
malfunction for minimum down time. Plug-in cards should 
be designed to be easily grasped without disturbing or 
damaging components. Because of the miniature size of each 
card, the fault indicator should serve the entire strip rather 
than individual cards. 


Consideration to include maintenance features should 
be made during the initial stages of the design sequence. 
These features should be improved upon as circuit de- 
velopment, performance testing and packaging proceed 
and this effort should be carried through from the ex- 
perimental model to the developmental or preproduction 
models. This will avoid making compromises during the 
final stages of design. 

Desirable objectives are 1. To keep equipment in 
operation so that it may perform its mission with not 
more than few minutes “down time” allotted per mal- 
function. 2. To provide equipment which can be main- 
tained by personnel limited in training equal to that 
normally required to operate equipment. 

Specifications for Maintainability. The maintain- 
ability specification should be sufficiently detailed and, if 
possible, some number placed on maintainability, just as 
the electrical and mechanical requirements are now noted. 
This should formalize for the designer the maintenance 
needs desired and should suggest to him the maintenance 
approach most adequate to meet the requirements. Guide 
lines and “trade-off” curves should be specified and the 
responsibility of the designer clearly defined. The design 
for maintainability should not be left to the interpreta- 
tion of the designer. Specific details of the specification 
in addition to those stated might include the following: 
1. Caliber of maintenance men available for servicing. 


(Continued on page 386) 


Experimental unitized receiver designed for ease of maintenance 
to assure a short repair cycle. Card type circuit structures in 
amplifier-power supply unit are cabled to the console. Sides fold 
out to make test points accessible and to facilitate removal of cards. 
Isolation of malfunction requires removal of the card by unsoldering 
labeled cable connections. Complete r-f stages are designed to plug-in. 
The individual r-f unit makes use of a printed card containing a 
band changing switch segment and plug. Replacement of the r-f 
unit requires disengaging and withdrawal of band changing switch 
shaft and withdrawal of the malfunctioning unit. Minimum “down- 
time” is assured by this quick disassembly and disconnect feature. 
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Advancement in 
International Electrical Standards 


Recommendations and rules for the manufacture and use of circuit 


breakers, contactors, semiconductors, and fluorescent lamp ballasts 


were among the subjects covered by the International Electrotech- 


nical Commission at its meeting in Moscow in July. 


STAFF REPORT prepared in cooperation with S. DAVID 
HOFFMAN, Electrical Engineer, American Standards Associa- 
tion, and Secretary of the U.S. National Committee of IEC. 


PROGRESS IN THE DEVELOPMENT of international stand- 
ards for equipment in the fields of rotating machinery, 
electric traction, switchgear, cables, rectifiers, lighting, 
and batteries was made at the 1957 annual meeting of 
the International Electrotechnical Commission (IEC). 
The meeting, held in Moscow, Russia, July 2 to 12, was 
attended by more than 500 delegates from 27 countries. 
Sixteen (out of a total of approximately 70) committees 
and subcommitteees of the Commission held meetings 
during the Moscow conference. 

The International Electrotechnical Commission, 
founded in 1904, functions to facilitate the coordination 
and unification of national standards by drawing up 
recommendations upon which the standards of member 
countries can be based. Through its work it attempts to 
obtain better understanding between electrical engineers 
and, as a result, increased international trade. Each of 
the member countries (currently there are 33) maintains 
a national committee to represent the country on the IEC. 
The United States National Committee membership con- 
sists essentially of the members of the Electrical Stand- 
ards Board of the American Standards Association, in 


High Voltage Switchgear 
and Controlgear 


W. M. LEEDS, Westincuouse Evectric 
Corporation, Pittsburgh, Pa., Chief Del- 


a : ; = dations: 
egate USNC for Subcommittee 17A 


THE FOLLOWING DOCUMENTS were 
approved by Subcommittee 17A and 
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1. Recommendations for the Unit 
Testing by Direct Methods of Cir- 
cuit Breakers for Making Capacity 


addition to representatives from the mechanical field 
to deal with the subjects of steam and hydraulic turbines 
and diesel engines and a few members-at-large who 
have special interest in international trade. The presi- 
dent of the U. S. National Committee is Richard C. 
Sogge, Manager, Engineering Standards, General Elec- 
tric Co., who was head of the U. S. delegation to the 
Moscow meeting. 

In addition to attending the technical committee meet- 
ings, the members of the U. S. delegation visited several 
industrial plants and research organizations. Industries 
visited included large electrical apparatus plants, trans- 
former works, autombile factories, and radio tube 
plants. 

In this issue ELECTRICAL MANUFACTURING presents a 
digest of some of the important advances reached in 
the meetings of committees of interest to the original 
equipment market—particularly in the machine tool and 
the primary electrical equipment fields. The articles have 
been abstracted from the individual report of U. S. 
National Committee delegates to the IEC. Many of the 
standards and specifications approved by the IEC will 
be of special interest to design engineers whose products 
are sold overseas. More detailed reports of other 
committee meetings of interest to our readers will be 
presented in future issues. 


and Breaking Capacity. 

2. Rules for Operating Conditions. 

3. Coordination of Rated Voltages. 
Rated Breaking Capacities, and 
Rated Normal Currents. 

4. Rules for Strengths of Insula- 


will be published as IEC Recommen- __ tion. 


Other documents which were dis- 
cussed and considered for publica- 
tion covered topics such as rules for 
erection and maintenance of circuit 
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breakers, creepage distances and 
clearances, testing for making and 
breaking capacities, a-c disconnect- 
ing switches and earthing switches. 
A table giving the ratio between 


symmetrical breaking capacity and 
making capacity as a function of 
opening time is to be prepared by 
the Secretariat in time for discus- 
sion at the next meeting. Other 


Low Voltage Switchgear 


and Controlgear 


J. W. MAY, ITE Circuit Breaker Com- 
PANY, Philadelphia, Pa., Chief Delegate 
USNC for Subcommittee 17B-Circuit 
Breakers 


G. W. HEUMANN, Generar ELectric 
Company, Schenectady, N. Y., Chief 
Delegate USNC for Subcommittee 17B- 
Contactors 


SIXTY DELEGATES from _ twenty-one 
countries attended this year’s meet- 
ings of Subcommittee 17B. The 
French Secretariat of this Subcom- 
mittee has prepared a new draft of 
the proposed Rules for Low Voltage 
Distribution Circuit Breakers and 
had circulated the draft to member 
National Committees for comments 
prior to the Moscow meeting. The 
new draft was a result of decisions 
reached at the Munich meeting in 
1956. The discussion of the new draft 
and of the comments on it was the 
principle objective of the Subcommit- 
tee’s meeting in Moscow. Some of the 
conclusions reached were as follows: 

1. Low voltage circuit breakers 
will have only one rated voltage, 


but making and breaking tests will 
be made at 110 per cent of the 
rated value. 

2. The peak asymmetrical making 
capacity, in amperes, shall be twice 
the symmetrical breaking capacity. 

3. The circuit breaker rating shall 
be expressed in volts and amperes, 
and not in mva. 

4. The preferred method of ap- 
plying routine dielectric tests and 
the voltage used in such tests are 
still to be determined. Six nations 
use the 1-min test and six use 1 sec. 
The U. S. is listed under the 1-sec 
test at 120 per cent of the 1-min 
voltage. 

5. Also to be settled is the ques- 
tion of whether or not it is_nec- 
essary to conduct a_ temperature 
rise test after breaking tests. 

A special editing committee was 
established to take care of the de- 
tails of terminology and composition 
of the proposed rules. This com- 
mittee is to meet in Paris October 
21. to 25. 


Power Converting Equipment 


L. W. MORTON, Generar Etectric Com- 
PANY, Schenectady, N. Y., Chief Delegate 
USNC for Committee 22 ard Subcom- 
mittee 22-2 Semiconductor Rectifiers 


Copies OF THE RECENTLY  PUB- 
LISHED Recommendations for Mer- 
cury-Arc Converters were  distrib- 
uted. Publication of the new docu- 
ment culminates the work of 
Subcommittee 22-1 which was 
started in 1935. The Recommenda- 
tions are very comprehensive and 
should serve as a guide for the pre- 
paration of commercial  specifica- 
tions, in addition to providing 
recommendations pertaining to de- 
finitions, rating classification, per- 
formance criteria, service conditions, 
temperature limits and tests. It was 
agreed that Subcommittee 22-1 
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would not be active for at least two 
years but that drafts of various pro- 
posals with regard to mercury-arc 
rectifiers should be prepared and 
circulated to the various national 
committees for preliminary study. 

Subcommittee 22-2 — Semiconduc- 
tors held more meetings during the 
Moscow Conference than any other 
subcommittee. A preliminary draft 
of Recommendations for Monocry- 
stalline Semiconductors prepared by 
the United Kingdom was completely 
reviewed and the basic contents of a 
new document were agreed to. One 
of the items which proved to be 
most debatable was losses and their 
measurement. Subcommittee — ap- 
proval was given to a second docu- 
ment. Recommendations for Poly- 


items to be placed on the agenda 
for the next meeting include _iso- 
lators, unloaded line and capacitor 
switching, transformer magnetizing 
current. and reactor switching. 


The document on Rules for Con- 
tactors, as prepared by the French 
Secretariat in accordance with de- 
cisions reached during the 1956 
in Munich, was discussed 
and agreement was reached on its 
technical substance. It is hoped that 
one more meeting will permit the 
work on the document to be com- 
pleted. In the meantime editorial 
details are to be determined by the 
special committee mentioned above. 

The subjects on which agreement 
has been reached cover scope, ter- 
minology, classification of contactors 
according to duty and life, and the 
definition of conditions on which 
contactor ratings are established. 
Subjects which remain to be dis- 
cussed are temperature rises, clear- 
ances and creepages, and tests for 
substantiating ratings. A working 
group met to develop a set of spec- 
ifications for enclosures designed for 
various degrees of protection of the 
apparatus against entrance of for- 
eign particles, and for protecting 
against electrical shock. 

\ detailed report of the work of 
the Subcommittee on contactors by 
G. W. Heumann will appear in a 
later isssue of ELectricaL MAnNv- 
FACTURING. 


meeting 


operators 


crystalline Semiconductors. 

One session of Subcommittee 22-2 
was cancelled to permit the delgates 
to visit the laboratories of the Elec- 
trotechnical Institute in Moscow 
where advance development work on 
mercury-arc tubes and monocrystal- 
line semiconductors is carried on. 
The tour included high-voltage Lab- 
oratories, circuit breaker short-cir- 
cuit testing, and power conversion 
technology development and testing. 
High-voltage transmission tubes (up 
to 300 amp at 200,000 volts), inter- 
mediate-size air and_ water-cooled 
excitrons (100 to 
250 amp and 2000 to 15,000 volts), 
germanium rectifiers (10 to 200 amp 


ignitrons and 


at 50 to 100 volts), and germanium 
triodes (2 100 volts) were 
shown and described by engineers 
in the laboratories. All of the mer- 


amp, 


(Continued on page 384) 
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DESIGN TRENDS 


Development of Starter for Domestic Lawn Mowers 


W. R. JOHNSON and G. K. ISAACS 
Magneto Division; Fairbanks, 
COMPANY 


Beloit, Wisconsin 


MORSE & 


THE PLAIN ROPE and the rewind rope 
starters are both objectionable in re- 
quiring considerable manual strength 
in “pulling through” for starting of the 
engines used in small power garden 
equipment such as lawn mowers. With 
increasing engine horsepower used in 
these devices, the need for a power 
starter has become a virtual necessity. 

Fairbanks Morse & Co. undertook 
the development of an electrical start- 
ing system for small gasoline engines 
as a logical addition to their product 
line of small engine accessories which 
includes rewind starters. Market survey 
and engineering study established the 
performance requirements and the gen- 
eral form for such a device to permit 
widest possible application as a labor- 
saving accessory. The final result of the 
development program and the product 
design are shown in Fig. 1, as applied 
to a typical small engine of the type 


Fig. 2—Cutaway of electric starter showing Spiroid gear drive. 
which consists of a conical worm in offset contact with a modi- 


fied spiral bevel gear. 
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employed in garden equipment. The 
system consists of the top-mounted d-c 
motor with right-angle gear reduction 
in a unified housing which carries the 
automotive-type starter button, and the 
especially developed sub-automotive 12- 
volt battery and permanently connected 
charger. The latter is equipped with 
a separable line cord for connection 
to the domestic power lines for the 
necessary periodic battery charging. 
The study showed that a starter that 
would handle engines up to 3 hp would 
provide for all lawn mower applica- 
tions in domestic use excluding the 
much larger estate mowers which are 
minor in quantity. The type of engine 
universally employed in lawn mowers 
is single-cylinder which imposes starter 
requirements of high torque and a 
cranking speed of at least 350 rpm. 
Extensive testing led to selection of a 
12-volt series motor of the type em- 
ployed for automotive window lifters 
and seat positioners, with a chain drive 
engaging the clutch of a rewind starter. 
This combination was satisfactory in 
operation, but certain product-design 


drive. 


considerations necessitated further re- 
finement. Since the electric starter was 
to be a consumer-product accessory, 
factors such as appearance, conven- 


Fig. 1—Battery-operated version of en- 
gine starter, applied to Briggs and Strat- 
ton engine. 


Fig. 3—Characteristics of Fairbanks, Morse starter with gear 
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ience, low cost and compactness mer- 
ited careful consideration. The chain 
drive, for instance, necessitated vertical 
motor mounting which was _ inimical 
to the required low, horizontal profile 
desired for the unit. This drive was 
also relatively costly and somewhat 
noisy. A new type of reduction gear 
produced by the Illinois Tool Works 
and called “Spiroid” proved to offer 
advantages in lower cost, quietness and 
in permitting horizontal motor mount- 


Acrylic Parts Solve 


THE RAPID DESTRUCTION OF exposed 
metal parts by electrolysis (which can 
be induced and accelerated by minute 
current leakage around motor wind- 
ings) is the chief cause of deteriora- 
tion in conventional bronze marine 
pumps. The Longport Machine Co., 
maker of the Lovett bilge pump for 
motor boats, has solved the electrolysis 
problem by making many of the major 
components of the pump out of an 
acrylic plastic. The newly designed 
parts include the outer casing for the 
pump and motor assembly, the casing 
cover, the impeller and its housing, 
and the outlet port (Fig. 1). The motor 
is thus completely encased in plastics 
so that the metal parts of the pump 
are well shielded from current leak- 
age. The motor is further isolated by 
using laminated plastics pulley wheels 
and buna rubber drive belts between 
the motor and impeller shafts. 

The acrylic plastic, being inherently 
resistant to corrosion, is not affected 
by chemicals, oil, or grease and does 
not discolor. It provides excellent insula- 


ing. Figure 2 is a cutaway view of the 
motor and gear drive as finally incor- 
porated in the starter design, and Fig. 
3 shows over-all characteristics of the 
unit. 

The battery developed for the starter 
is a 12-volt, 10 ampere-hour unit weigh- 
ing 1214 lb activated. The trickle 
charger is capable of recharging the 
battery in 36 hours after a month of 
average lawn mower usage, that is, 
about 150 starts. 


In order to offer a complete line of 
starters, an a-c version was also devel- 
oped. This is an a-c motor having suit- 
able torque characteristics, which is 
connected to the regular 
power service for starting of the lawn 
mower. lacks 
battery and rectifier, it is lower in 
cost and in general is applicable to 
smaller and _ less garden 


domestic 


Since the a-c system 


expensive 
equipment. 2 © 


Salt-Water Corrosion Problems 


tion, having a dielectric strength of 
about 500 volts per mil and a volume 
resistivity of about 3 x 10'* ohm-cm. It 
also will retain its dimensional stability 
after immersion in_ salt 
water, will not dent, and has high im- 
pact strength even in relatively thin 
sections. Thicknesses of the parts 
range from “46 in. for the flange on the 
casing to 4 in. for the impeller. 


prolonged 


The plastics construction also helps 
to solve another problem often en- 
bilge pumps, that of 
leakage into the motor com- 
partment. As shown in Fig. 2, the 
compartment through which the impel- 
ler shaft passes is open at the bottom. 
With the gasketed acrylic plastics 
cover in place, the top of this com- 
partment is sealed so that, although 
the bottom is open, the water can rise 
only a short way into the compartment 
because the trapped air resists com- 
pression. An air chamber seal is thus 
obtained, completely isolating the mo- 
tor from the water. The motor com- 
partment is also 


countered in 
water 


protected against 


We aaah SE, * 


Fig. 1—Bilge pump acrylic parts prevent corrosion and decrease weight. 
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possible seepage of spray thrown from 
the impeller shaft by a 1-in. baffle 
tube around the impeller shaft. The 
impeller shaft is Monel metal and the 
baffle tube is red brass. 

Since the air lock eliminates the 
need for conventional seals and pack- 
ing, the problem of shaft seizure due 
to shrunken or dried seals after long 
idle periods is eliminated. The impel- 
ler shaft rotates in powder-metal self- 
lubricated bearings pressed into each 
end of the baffle tube. The brass baffle 
tube conducts frictional heat away 
from the top bearing. A stainless steel 
thrust washer rides between the top of 
the bearing and the bottom of the 


Ribbed 

Gasket between cover and flange on casing 
Motor compartment 

Support lug 

Impeller housing cemented to bottom of casing 
ulley wheels and belts 

voit, 7-amp d-c motor 


erflow ports 


es 
Ov 


Outlet port 

Intake 

Thrust washer 
2.Top bearing 
13. Air lock 
19. Baffle tube 
15 Impeller shoft 
16 Bottom bearing 
17 Compartment open at bottom 
18.6-vane centrifugal impeller 
Fig. 2—Air lock in impeller compartment 
protects motor from water, making seals 
and packing unnecessary. All crosshatched 
parts are made of plastics. 
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phenolic pulley wheel, which is pressed 
onto the knurled end of the impeller 
shaft. 

The lower end of the baffle tube is 
positioned and supported by being 
tareaded into a collar on the upper 
half of the impeller housing which is 
solvent cemented to the underside of 
the plastics casing. 

For cooling purposes, the impeller 
forces water between the shaft and 
the lower bearing. The water forced 


up through the 


bearing is vented 


through a set of ports drilled about 
1 in. from the bottom of the baffle 
tube. An additional port is located 
near the top of the baffle tube for 
overflow relief should the water ever 
rise to that level. 

The Lovett bilge pump will handle 
550 gph against a 3-ft head. It is manu- 
factured in a “manual” model, which 
is operated by a manual switch, and 
an “automatic” model actuated by a 
float control. The leverage on the float 
control starts the pump when there is 
a l-in. change in bilge water level, 
thus preventing excessive cycling and 
consequent battery drain. Also a cam 


in the float linkage dampens the float 
action and prevents short cycling from 
bilge splashes when the boat pitches. 
The manual model weighs about 64% 
lb and the automatic model about 74% 
lb, representing savings of approxima- 
tely 50 per cent over conventional all- 

metal pumps of equivalent capacity. 
The acrylic parts are molded by the 
A. L. Hyde Co., Grenloch, N. J. from 
Grade V-100 Plexiglas powder made 
by Rohm & Haas Co., Philadelphia. 
The molding process permitted by the 
use of plastics has greatly reduced the 
machining and finishing time necessary 

for the usual fabrication methods. 
OOO 


Flexibility Achieved in Gear-Motor Line 


WITH THE OUTRIGHT ACQUISITION OF the 
Watson-Flagg Machine Co., Paterson, 
N. J., General Electric Company has 
undertaken a program for coordinated 
new design, manufacture and distribu- 
tion of gear reducers and gear motors. 
This program was preceded by a study 
of the gear motor and reducer markets 
in terms of both magnitude and form 
from both distribution and use stand- 
points. The study indicated that the 


gear-motor market was destined to 


grow more rapidly than the motor 
market as a result of mechanization 
and automation trends, and also that 
gear units were not to be considered 
part of a motor product-line for mar- 
keting but rather as_ transmission 
equipment. It also became apparent 
that as transmission equipment, rather 
than as special forms of motors, gear 
motors and reducers should be offered 
as “shelf” items. These considerations 
had definite bearing on the over-all 


4 


General Electric’s new “all-motor” gear reducer with motor detached. 
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and detail designs when the revision 
of the entire line was projected. 

To serve the studied market ade- 
quately, three forms are offered: in- 
tegral motor-gear reducer with flange- 
bolted motor, an “all-motor” unit 
which will accommodate existing or 
otherwise separate foot-mounted 
motors, and a basic gear-reducer as- 
sembly which can be used with any 
prime mover. Mounting dimensions on 
all three types are identical for sim- 
ilar ratings and parts are interchange- 
able, permitting user and dealer stock 
flexibility. A built-in provision for 
making ratio changes through a change 
of pinion and gear in the first stage 
only also adds versatility. Almost uni- 
versal position of mounting is possible, 
with a simple oil-level kit available for 
field adaptation of the reducer units 
for extreme mounting positions. Gear 
and bearing alignments are machined- 
in, permitting maintenance  disas- 
sembly and reassembly without loss of 
line-up. The gear components can be 
carried in stock as subassemblies. The 
36 gear sizes of the superseded line of 
gear-reducer units have been replaced 
by 12 sizes made up of seven double- 


reduction and _ five _ triple-reduction 


The integral gear motor in the new line. 
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units. Fixed low-speed ratios reduce 
the number of different gear parts to 
be stocked, and the mounting bolt 
spacing and other dimensions are iden- 
tical for the double and triple reduc- 
tion gears. 

Ease of maintenance has had special 
attention. Most service functions can be 
performed from the motor end of the 
gear housing, making it unnecessary 
to remove the gear housing from its 
mounting base. This eliminates discon- 


necting couplings, removing sprockets 
and other time consuming operations. 

Corrosion resistant cast iron is used 
throughout the line for all housings, 
carriers and endshields. All gears are 
heat treated and crown shaved, and 
helical gears are used in all stages. 
Anti-friction bearings are employed 
throughout, and duplex seals at both 
the motor and output shaft apertures 
keep oil in and foreign materials out. 

The line will be offered in three 


classes of speed reduction:  single- 
stage, offset shaft, in a speed range 
from 780 to 350 rpm; double-stage 
concentric shaft from 350 to 37 rpm, 
and triple-stage concentric shaft from 
30 to 13.5 rpm. Integral gear motors 
ultimately will be available in ratings 
from 1 to 30 hp, whereas the separate 
speed reducers and the “all-motor” 
units ultimately will range from 1 to 
75 hp. Presently available power rat- 
ings are up through 10 hp. oO 0'O 


PVC Electrode Insulation Ups Storage Battery Capacity 


L. E. WELLS, Director of Engineering 
Exide Industrial Division 

Tue Evectric Storace BATTERY COMPANY 
Philadelphia 2, Pa. 


THROUGH A SERIES OF electrode insula- 
tion changes over the past four years, 
the rated capacity of Exide-Ironclad 
storage batteries has been increased 
44 per cent on an ampere-hour per 
cubic inch basis—a development that 
promises design opportunities for space 
reduction in industrial trucks and other 
battery-operated equipment. 

The successive changes in insulating 
material for the positive electrodes 
have been from hard rubber to poly- 
ethylene to, now, polyvinyl chloride 
sheet and braided glass fiber. 

Figure 1 shows the construction of 
an earlier Exide positive “plate,” con- 
sisting of grid spines of Silvium (a 
highly conductive alloy of silver, lead 
and other materials) surrounded by 
active material (primarily lead perox- 
ide) and sheathed by slotted hard rub- 
ber or polyethylene tubing. Figure 2 
shows the new Exide plate with the 
slotted tubing replaced by a braided 
glass fiber sleeve encased in armored 
jacket of perforated polyvinyl chloride. 

The function of insulation in a 
storage battery is threefold: (1) not 


only to insulate positive and negative 
plates but also (2) to 


contain the 
active material, preventing sedimenta- 
tion, and (3) at the same time permit 
free ionic flow of the electrolyte. 

The ability to contain the active ma- 
terial, while strictly a mechanical func- 
tion, has an important effect on both 
the life and design capacity of a battery. 
Sedimentation of the active material 
not only weakens the battery with time 
but also requires that sufficient space 
be left at the bottom of the cell, be- 
low the electrodes, to allow for sedi- 
ment buildup. This limits the length 
of the electrodes and the capacity of 
the cell. 

When it was first adopted, the slotted 
hard rubber insulation of Fig. 1 rep- 
resented a considerable advance in 
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battery design. Sedimentation in a new 
battery was relatively low. But due 
to oxidation the size of the slots 
gradually increased with time and sedi- 
mentation accelerated. When slotted 
polyethylene was substituted for the 
rubber, the slot sizes remained rela- 
tively constant with time—less sedi- 
ment buildup space was required and 
battery ratings could be increased 20 per 
cent on an ampere hour per cubic inch 
basis. 

Yet sufficient dead space remained 
to permit further design improvements. 
Most recent step has been to substitute 
an armored perforated sheath of semi- 
rigid polyvinyl chloride tubing sur- 
rounding a braided sleeve of continu- 
ous-filament glass fiber, Fig. 2. The 
PVC used is of the relatively unplas- 
ticized type—fabricated of punched 
calendered sheet and wrapped into a 
tubular jacket. The glass fiber braid is 
sufficiently porous to permit free ac- 


Fig. 1—Positive plate of conventional 
Exide-Ironclad storage battery consisting 
of Silvium grid spines surrounded by 
active material encased and insulated by 
slotted hard rubber or polyethylene tub- 
ing. 


cess of electrolyte to active material, 
but with fine enough mesh to practical- 
ly eliminate sedimentation of the active 
material. 

The PVC-glass fiber combination per- 
mits not only increased length of the 
positive plate, but 
the polyethylene 


being thinner than 
tubing—permits a 
larger positive element diameter. And 
the internal resistance of the battery 
is reduced. 

At the conventional 6-hr discharge 
rate a PVC-insulated battery has 20 


— 
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Fig. 2—Positive plate of new Exide-Iron- 
clad battery using armored porous tub- 
ing. Porous PVC jacket and_ braided 
glass fiber inner sleeve reduce sedimenta- 
tion of active material to permit a longer 
plate in same-size battery case. 

a 
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per cent greater ampere-hour capacity 
than the same-size polyethylene-insu- 


lated battery (44 per cent greater than 
the same-size rubber-insulated battery ) 
with only a 6 per cent increase in 
weight. Watthour capacity is 21] per 


cent greater, and at the 1l-hr discharge 

rate for peak periods ampere-hour 

capacity is improved 35 per cent. 
50 


New Signal Light is Smaller and Brighter 


CORROSION, VIBRATION, AND COLLISION 
are the common causes of failure of 
directional signal lights for trucks. To 
overcome these factors and also to 
simplicity and thus 
facilitate installation and service, the 
R. E. Dietz Company, Syracuse, N. Y. 
has recently redesigned its signal light. 
The new unit, Model 185, is a one-bulb, 
double-face unit with a split metal 
cylindrical housing. 

The frame of the light consists of 
two concentric bands which are fast- 
ened to the base with a single screw 
to permit easy servicing. The inner and 
outer housing bands are quickly and 
precisely formed on a bezel machine 
and are finished in weather-resistant 
black enamel. The outer band has 
flanges which fit snugly over shoulders 
on the lenses. The lenses are seated 
against impregnated fiber gaskets 
which rest upon shoulders on the inner 
band. When the housing is pulled to- 


achieve design 


gether by the single screw, the lenses 
are pressed securely against gaskets 
thus forming an effective seal against 
moisture. 

The new construction has reduced 
the thickness of the light from 31% in. 
to 214 in. and has permitted the use 
of one mounting stud instead of two. 
\ rubber mounting pad was added to 
the base so that the unit fits the truck 
fender snugly. This latter feature, com- 
bined with the smaller unit design. 
has considerably reduced vibration. 

The Model 185 signal light uses 
concentric prismatic optical lenses with 
center hotspots. These lenses, made of 
an acrylic plastic, permit placing the 
bulb very close to the glass thus making 
the unit as thin as possible. The bulb 


The Dietz Model 185 one-bulb, double-face directional signal light for trucks 
uses concentric bands with one screw to achieve an efficient, compact, easily 


serviced unit. 


used has a rating of 21 candlepower 
with a C-2R filament* and can be 
obtained for either 6 or 12 volt systems. 
With these optical features the signal 
light surpasses the SAE output require- 
ments of 300 candlepower for amber 
lenses and 100 cp for red lenses. For 
instance, with a red lens, this unit 
gives a reading at the center of 208 
cp as compared to the SAE require- 
ment of 100 cp. The light also meets 


**Applying Miniature Lamps,” 
facturing, Oct. 1956, p. 127. 


all other applicable SAE requirements 
such as those pertaining to dust, mois- 
ture, vibration, 
color. 

In the wiring system of the Model 
185, plastics coated wire was used and 
a spring and fiber washer assembly 
in the bulb socket was replaced by a 
neoprene rubber compression grommet 
to prevent failures due to moisture, 
grease, oil, and friction. The design 
of the bulb socket was also changed 


corrosion, and lens 


to call for brass to avoid corrosion. 


Spring-Backed Cam Simulates Pneumatic Impact 


A UNIQUE SELECTIVE-ACTION 14 in. elec- 
tric hand drill, developed by the Power 
Tools Corporation of Cleveland under 


Uni-Drill, combines 
both pneumatic-like impact action for 
carbide masonry drilling, Fig.1, and 
regular drill action for wood, steel and 
similar materials. 


the trade name 
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Impact action is provided by two 
cams and a 30-lb preloaded spring in 
an extension housing attached to a 
standard 14 in. drill, Fig. 2. The first 
(hammer) cam rides free on the motor 
shaft and is pressed against the second 
(rotary) cam by the preloaded spring. 
When impact action is desired, a key 


is screwed into a keyway slot in the 
hammer cam, preventing it from turn- 
ing but permitting a % in. stroke. As 
the drill shaft turns, the rotary cam 
revolves against the hammer cam caus- 
ing a spring-returned impact stroke 
with each shaft revolution. 

For conventional drilling a selector 
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HIGHER DIELECTRIC 
RETENTION 


GREATER FLEXIBILITY 
MORE HEAT RESISTANCE 
AVAILABLE IN COILS 
CAN BE AFTER-TREATED 


AVAILABLE IN FOLLOWING ie ll Even under the most severe operat- 


ing conditions, Varfil Sleeving and 
NEMA CLASSES Tubing retains its average dielectric strength. Twist it, tie it, bend it, 


CLASS B-A-1 wrap it, knot it. Remains just as pliable as when you started. Won't 
TOGO VOLTS AVERAGE crack, peel or suffer dielectric loss. Heat Varfil 2000 hours at 110° C.— 
CLASS B-B-1 << , nr 
4000 VOLTS AVERAGE 1,000 hours at 125° C.— and even for extensive periods at 150° C. It 
CLASS B-C-1 won’t break down. Can be after-treated in baking and varnishing opera- 
3500 VOLTS AVERAGE tions. Reacts better than other oleoresinous materials and synthetic 
eee OSS coated tubings. Available in handy coils so you can cut the exact lengths 
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you need .. . no waste. Standard colors. Wide range of sizes. 


EXCEEDS OR MEETS ALL A.S.T.M. SPECIFICATIONS. 
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VARFLEX CORPORATION 504 W. Court Street, Rome, N. Y. 


Please rush free folder containing samples of Varfil Sleeving and Tubing. Also include details 
on electrical tubing or sleeving you suggest using for 
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Insulating Tubing , 
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nut atop the drill is turned to with- 
draw the key and allow the hammer 
cam to float. 


Fig. | 


for wood, steel, ete. 


Selective-action Uni-Drill combining both impact action Fig. 2 
for carbide masonry drilling and conventional drilling action 


Drill speed is 2500 rpm—1700 rpm 
under load. When drilling with 15-lb 
pressure against the work, unit is said 
to deliver 90,000 impact lb per min 

sufficient to drill a 1% in. hole through 


Ss Ene 
Siddall > \. 3 ft 
= = 
SN 


“: 
} 44 


30-/b preloaded spring 


3 in. of concrete in less than 30 sec. 
By using a satin-finished cast-aluminum 
drill body and shaft housing, the manu- 
facturer has kept overall weight down 
to 5.75 Ib. OOO 


Selector nut 


Stondord 
Orill body 


Cross-section view of shaft housing showing cam and 
spring mechanism to provide impact. 


Environmental Protection for Temperature Probe 


THE TEMPERATURE OF THE AIR near 
the skin of a supersonic airplane or 
missile is one of the many important 
design factors which must be de- 
termined from flight tests. Called total 
temperature, its measurement becomes 
more and more difficult as the speed 
and altitude of flight increase. The 
turbulence of the air and the dirt and 
moisture it contains aren’t conducive 
to straightforward tech- 
niques. Through new design features, 
the Model 102 Total 
Probe, recently announced by Rose- 
mount Engineering Company, has 
solved several of the difficulties inherent 


measuring 


Temperature 


~~ 
Fig. 1—Model 102 Total Temperature 
Probe for flight test applications. 
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to the problem. The probe, shown in 
Fig. 1, is mounted on the skin of the 
plane or missile with the air scoop 
aligned with the fore-and-aft axis of 
the air frame. The scoop is 3 in. from 
the mounting surface. 

The heart of the probe is a sensing 
element 50-ohm 
platinum resistance thermometer. Since, 
for accurate measurement, the air must 
come into direct contact with the wire. 


consisting of a 


care must be taken to protect the deli- 
cate wire from the moisture and dirt in 
the air. This is achieved by the con- 
struction shown in Fig. 2. The air flow 
is from left to right through the probe 
with a downward deflection of some of 
the air over the sensing element at 
the center. The downward turn is made 
abrupt by the addition of an obstruc- 
tion at A. Thus only very small 
particles of dirt or moisture have low 
en hry 
- . & oo % a > 


=] 
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” 


direction 








~e 


Airplane skin 


A« 


Fig. 2 


Flow of air through probe is from left to right in this cross section with 


portion deflected down over sensing element at center. 
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GUARDIAN 
STEPPERS 


PROGRAMMER 


e reliable 
e rugged 
e long-life 
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@ Guardian offers this new, compact, rugged, long-life, highly reliable 
Programming Stepper which meets and exceeds MIL-S 25259 (Proposed). 
Approved and used for control of guided missile and in-flight equipment, it is 
available now for a wide variety of control engineering projects including 
automated production systems, machine tools and industrial products. Use it 
singly, or in combination with Guardian relay matrixes, control banks and in 
complete control assemblies as the “heart’’ of your unit. Open or sealed, it 
operates under extreme temperatures, high altitude and severe vibration or 
shock. Carries 8-12-18 or 24 points sealed or unsealed; up to 16 wafers and 
unlimited switching arrangements. 


MORE POWER is distributed by the unique design of the ratchet mechanism. 
LESS SPACE required to make your product more compact, more efficient. 


Thousands of Variations in Guardian’s Complete Stepper Line 


~ 


ELECTRICAL RESET 
— MIDGET STEPPER CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT 
STEPPER MIDGET STEPPER STEPPER 


Unile for details on Guardian's Programmer and for Stepper Bulletin P-84 


GUARDIAN 7 ELECTRIC 


MANUFACTURING COMPANY 
1627-L W. WALNUT STREET, CHICAGO 12. ILLINOIS 
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enough momentum to make the turn: 
and, if they do, they are going at a 
low enough speed to be practically 
harmless. Tests using several grades of 
fine sand and moisture in the manu- 
facturer’s laboratory have proved these 
features of the design. Most of the 
foreign matter goes out the large port 
at the rear of the probe at C. The 
sensing element is further protected by 
the radiation shield B. The air that 
flows down over the sensing element 
is exhausted through the large hole in 
the back of the support structure D. 


Adiabatic flow of the air 
the scoop, a 


throug! 
accurate 
causing 
the boundary layer ot air to escape 
through the holes in the scoop. To 
insure that only air from the center 
of the scoop flows down over the sens- 
ing element, additional holes in the 
obstruction at A bleed off the boundary 
layer on the inside of the turn. This 
air is also exhausted through the hole 
at the back of the support structure. 
Errors due to conduction of heat to 
or from the sensing element from other 
portions of the probe or the 
plane are reduced by the mica 


necessity for 


measurement, is achieved by 


from 
thin 


sheets to which the resistance wire 
is fastened and the long, thin stainless 
steel supporting structure. 

The Model 102 probe has a time 
constant less than 25 milliseconds and 
a recovery than 0.1 per 
cent. It has passed vibration tests in 
accordance with specification MIL-E- 
5272A, Procedure I, with the upper 
frequency limit extended from 500 to 
1000 eps. 

Numerous other tests involving the 
effects on the probe of variation of 
the angle of attack and yaw and of 
temperature also been 
conducted. oo 0 


error less 


cycling have 


Thread-Locking Inserts Overcome Vibration Problem 


SOLENOID-OPERATED TYPING UNITS manu- 
factured by the Shepard Laboratories, 
Summit, N. J., for translating digital 
or analog data from the output of an 
electronic computer into copy or writ- 
ten form at the speed of 108,000 char- 
acters per minute, created a_ real 
problem in locking the set-screws for 
adjusting the individual type hammers. 
In these units, through a preliminary 
electronic decoder, tabular or electronic 
data stored on magnetic tape, drums or 
cores, are converted into a 
electrical impulses and_ transmitted 
through a battery of 120 
switches contained in the typer. The 
solenoids activate individual hammers 
which strike the selected symbol or let- 
ter on a rotating character wheel. 
The split-second timing of solenoid 
and hammer, requiring adjustments of 


series of 


solenoid 


0.0010-0.0012-in., is controlled through 
individual setscrews mounted below 
each hammer in an aluminum plate, 
Fig. 1. The setscrew limits the solenoid 
armature travel. Originally, adjust- 
ments synchronizing the solenoid arma- 
ture travel with the hammer clearance 
were made by 1-in. long Allen-head 
steel setscrews locked in place with a 
second setscrew mounted at 90 deg and 
a plastics ball to hold the adjusting 
screw in place. Thousand of impacts 
per minute on the hammer assembly 
for prolonged periods of time deformed 
the plastics ball and caused both the 
adjustment screw and locking screw 
to shake loose. 

To combat this vibration problem 
Shepard engineers utilized a stainless 
steel thread insert with a new locking 
feature that eliminated need for sup- 


Sea: 


Fig. 1—Battery of setscrews used to adjust impact of solenoid operated hammers 
against character wheel in Shepard high-speed typer. 
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plementary locking screws. Instead of 
preparing a second hole for a locking 
screw, a 6-32 Heli-Coil Screw-Lock 
insert is wound into the vertical hole. 
With the Screw-Lock insert manufac- 
tured by the Heli-Coil Corporation, 
Danbury, Conn.. it was possible to re- 
duce manufacturing costs and simplify 
adjustment techniques. 

The adjusting held 
securely against loosening by a “grip 
coil” near the center of the Screw-Lock 
insert. This locking coil approximates 
a polygon in shape and as the adjusting 


screw is now 


oo er ; 
POR P RPP eee Reese ee eas 


Fig. 2—The original design of the adjust- 
ing screw holder (top) called for second- 
ary locking screws mounted at 90 deg to 
the adjusting setscrew. Substitution of a 
Screw-Lock insert for the secondary set- 
screws not only provided vibration re- 
sistant adjustment, but cut manufacturing 
costs. Holder design was further simpli- 
fied by eliminating scribed numbers in- 
dicating the hammer controlled by each 
screw. A painted stripe at every 10th 
screw provides sufficient identification. 
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When you need 
Reliable Control 


of Intermittent Operation 


e@ Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 

e Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 


e Time delay characteristics are fixed and tamper- 
proof, 


e Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 


If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


the Adams & Westlake company 
New york ELKHART, INDIANA — cnicaco 


original and largest manufacturers of plunger-type relays 
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screw is run through the insert, the 
grip coil is forced to conform to the 


thread circle. The chord of the coil 








































SILICON JUNCTION DIODES and magnetic 
tripper circuits are used to form a fully 
static-device automatic telephone switch- 
board designed by the Laboratoire Cen- 
tral de Telecommunications for the 
French Navy. Each tripper or static 
switching circuit consists of a saturable 
self-inductance coil im with a 
capacitance to form a parallel-resonant 
circuit. A magnetic amplifier with an 
output power of 2 watts actuates the 
ringing circuits. 

The silicon diode gates consist of two 
diodes inserted in the subscriber line 
circuits. The diode gates are controlled 
by the magnetic trippers, which also 
comprise the register meters. In the 
passing position, the diodes have a re- 
sistance of about 4 ohms. In the block- 
ing position, the diodes have a resist- 
ance of 1000 megohms in parallel with 
a capacitance of 5 mmf. The magnetic 
trippers are biased at 10 volts, 8 kc. 
Selenium rectifiers provide direct cur- 
rent for polarizing the gate diodes in 
blocking position. A 
vacuum tube oscillator provides the 8-ke 
power at Future models will 
employ a two-transistor oscillator oper- 
ating from a 24-volt battery. 

In the complete assembly, shown in 
the photograph, a total of 232 silicon 
diodes and 244 magnetic trippers are 
used to serve 20 subscriber lines. The 
ferroresonant circuits are mounted on 


series 


the passing or 


present. 


printed wiring boards. IOC 


Fully electronic 20-line 


change employs diode 


telephone ex- 
gates controlled 
by magnetic switching circuits. Compact 
unit comprising three hinged 
measures 27x17x914 in. 


panels 





Zinc Die Castings 


ZINC DIE-CAST MOTOR FANS, in place of 
sand-cast aluminum, have made it pos- 
sible for Baldor Electric Company, St. 
Louis, Missouri, to reduce material and 
19-6] per 
siderably speed up production. 


labor cent and to con- 


costs 
Higher density of zinc and resulting 
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maintains a strong, spring-like pressure 
on the screw, giving a locking effect 
diminished 
peated disassemblies. 
The Screw-Lock inserts are made 
from 18-8 (AMS 7245B) stainless steel 
ultimate strength of 


which is not through re- 


wire having an 


Telephone Switchboard Uses Static Switching Elements 
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in Motor Fan 


greater weight-to-dimension ratio, gives 
the redesigned fan balance 


according to Baldor engineers. The die- 


superior 


cast zinc design presents symmetrical 
appearance with rounded fin ends and 
lighter body 
square fin ends and bulkier body of the 


line compared with the 












about 200,000 psi and conform with all 
military specifications. In order to facili- 
tate identification, all Screw-Lock in- 
serts are colored red to distinguish 
them from regular Heli-Coil inserts 
which do not provide a_ locking 
feature. OOO 








aluminum sand castings. The close tol- 
erances possible with zine die casting 
eliminate most secondary operations. 
Shaft hole of the fan is held to 
within 0.0005 in. cast. No 
reaming is necessary, nor any finishing. 


diam as 


The set screw hole is cored to finished 
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NOW! 
only 12 to 16 week 
delivery on fractional 


~ horsepower motors 


BODINE 


erate | 
Let ed ig 


MOTORS 


Pe ee Be a 


Now and in the future, faster delivery ...12 to 16 weeks... 
on Bodine fractional horsepower motors built to order! 
Why? Bodine Electric Company has transferred its 
manufacturing operations into this spacious new plant. 
Vastly expanded production facilities . . . improved 
production methods result in much faster and more 
efficient production . .. without sacrificing one iota of 
Bodine’s reputation for building the quality motor of the 
industry. 


And the added production and warehousing facilities 
make it possible for Bodine to offer more than 265 
different standard, stock types and sizes . . . ready 
for fast shipment. 


You also get much faster delivery on your built-to-order 
sample test motors and reducers for prototypes . . . five to 
six weeks for standards . . . five to nine weeks for specials 
that do not require engineering or testing . . . and only 
eight to twelve weeks for those requiring special 
engineering and testing. 


For more information, contact Bodine Electric Company, 
2256 W. Ohio St., Chicago 1 2, Ill. ... or check your Sweet's Product Design File 


New Bodine Electric Company plant on Chicago’s northwest side 


Bodine builds fractional horsepower motors 

for manufacturers of: adding machines, letter openers, 
sanders, vending machines, exhaust fans, duplicating 
machines, hand dryers, portable tools, sound recorders, 
air conditioners, check protectors, respirators, voltage 
regulators, X-ray timers, traffic signal timers, stirrers, 
calculating machines, envelope sealers, and for 

many other applications. 


Circle 189 on page 17 
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size. The only operations required to 
complete the zinc die-cast fan are to 
trim and tap the cored set screw hole. 
No protective finishing is necessary be- 
cause of the inherent corrosion resist- 
ance of zinc. 


When the 


was 


aluminum sand 
used, the shaft hole 
bored out, the set screw 


casting 
had to be 
hole drilled 


and tapped. The gates and parting fins 


Fan for Baldor Electric induction motors, 
now made from zine die castings instead 
of sand-cast aluminum. 


required careful grinding, and special 
fixtures and 
time were necessary. 


considerable machining 
The zine die castings are produced 
with a single-cavity die at a rate of 
160-180 shots per hour for Baldor by 
A. B. Mueller 
Missouri. 


Louis, 
‘NO 


Company, St. 
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“L_oad-Started” Converter for Small-Boat Refrigerators 


RAY SIMON, Chief Engineer 
Carter Motor CoMPANY 
Chicago 18, Illinois 


TO MAKE POSSIBLE 
tion on small 


full-time refrigera- 
marine craft—fishing 
boats, pleasure yachts, vessels used for 
scientific exploration, etc—where stor- 
age batteries are often the sole source 
of electric power, the Motor 
has 750-watt 
packaged rotary converter that operates 
only when the load calls for power, 
Fig. 1. In addition to full-size refrigera- 
tor and freezers, the 


Carter 


Company developed a 


will 
handle other 115 volt single-phase ap- 
pliances and motor loads up to \% hp 
continuously. 
Operation of a 
direct 


converter 


from 
means of a d-c to 
a-c converter presents several problems. 


refrigerator 
current by 
A refrigerator needs power for only 
short intervals. The converter must run 
only as the refrigerator demands power; 
otherwise battery is wasted and 
An 8 to 10 cu 


power 


converter life reduced. 


Fig. 1—Packaged 750-watt converter with 
dripproof construction for shipboard op- 
eration from storage batteries or other 
low-voltage d-c source. Unit measures 
6-34 x 14x 11 in. high and weighs 65 lb. 


Fig. 2—Patent-pending control circuit to 


minimize battery drain by starting con- 
verter only when refrigerator thermostat 
closes compressor starting circuit. 
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Actual Size 


SEMICONDUCTORS 


OCTOBER 1957 


Type No. HA-7501 


here today! 


SILICON TRANSISTORS by HUGHES 


now in production quantities 


Hughes offers a “high temperature” tran- 
sistor, an alloy-junction PNP device for 
audio, switching, and control circuitry at 
medium power levels—and at junction 
temperatures as high as 150°C. Outstand- 
ing characteristics: power dissipation in 


THE HUGHES PACKAGE 


Here Hughes departs from the conven- 
tional to offer a transistor with coaxial 
leads. In contrast to the single-ended con- 
figuration, this unique design permits the 
maximum flow of heat from the crystal 
through the package while providing an 
extremely sturdy internal structure. Also, 
it permits rigid mounting (particularly on 
printed circuit boards), thereby increasing 
the ability of the equipment to withstand 


Creating a new world with 


nonenti gpeom 


free air at 25°C, 500mW...saturation re- 
sistance at 100mA collector current, 10 
ohms...voltage for the common emitter 
connection, 50V maximum...and, in addi- 
tion, high current capabilities coupled with 
low reverse saturation currents. 


physical shock or vibration. Abetted by 
small size and a hermetic seal, this kind 
of ruggedness results in a package which 
is just about as practical as a package can 
be. Maximum dimensions: body length, 
.396 inch; body diameter, .343 inch. 
Perhaps you saw our new transistor at the 
WESCON show and discussed it there. If 
not, and you wish additional information 
now, please write: 


SEMICONDUCTOR DIVISION 
HUGHES PRODUCTS 


International Airport Station 
Los Angeles 45, California 


© 1957; Hughes Aircraft Company 
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ft refrigerator requires only 200 to 
250 watts running power; however it 
requires in excess of 1600 watts for 
starting. In addition, if frequency ex- 
ceeds 60 cycles and voltage falls be- 
low 115 volts, it is doubtful if the 
compressor motor will start. 

Consequently, the automatic relay 
circuit Fig. 2, developed for the Carter 
converter required several unique fea- 
tures: 

1. A converter starting relay con- 
trolled by the thermal switch of the 
refrigerator so the converter runs only 
when power is required by the com- 
pressor motor. 

2. A 194 mfd capacitor connected 
across the a-c output of the converter 





for about 5 sec each time the con- 
verter starts to correct power factor 
in the starting position. 

3. A switch to permit manual opera- 
tion of the converter to supply the full 
750 watts of power to appliances, drills, 
saws, etc. 

The sensing device is a_ dual-coil 
sensitive relay. One coil is connected 
in series with the refrigerator input 
line and suitable current limiting re- 
sistances. The input d-c is applied to 
this network. A time-delay capacitor, 
across this coil, produces an_ 1-sec 
opening time delay of the relay con- 
tacts. The second coil of the relay is 
in series with the a-c line. 

Closing of thermal contacts of re- 
frigerator causes current in the first 
coil L.”. Its contact closing energizes 


relay L,. Relay L. contacts remove 
the d-c from the sensing circuit and 
connect the converter a-c output to the 
load. In addition, they energize L, re- 
lay which applies current to the con- 
verter input. The capacitor holds relay 
L, closed until converter starts and 
supplies current to second coil L,’. 
As soon as d-c is applied to the 
converter input, relay L; closes and its 
contacts C,’ connect the starting capaci- 
tor across the a-c output of the con- 
verter. Time delay relay L, opens con- 
tacts C, after 5 seconds to remove the 
starting capacitor from the circuit. 
For operating other appliances, tog- 
gle switch 7 opens the sensing circuit, 
energizes L. relay and transfers a-c 
power from the refrigerator receptacle 


to the appliance receptacle. OO O 


Special Testing Solves Material Selection Problem 


SPECIAL MATERIAL APPLICATIONS often 


require painstaking test work when no 


ideal material is available. 

In thermocouples manufactured by 
The Foxboro Company of Foxboro, 
Mass., low-carbon steel tubing is used 
to enclose and protect the asbestos- 
covered constantan wire which is the 
negative element. The tubing is joined 
to the wire by a welded plug so that 
it also acts as the positive element. 
The assembly is shown in Fig. 1. 

AISI type MT-1015 tubing supplied 
as a standard analysis by Superior 
Tube Company, Norristown, Pa., has 
the required thermal emf for the 
thermocouple application. 
MT-1015 tubing of exactly the same 
chemical analysis can vary in its ther- 
mal emf. 


However, 


To select tubing of uniform emf for 
thermocouples, Superior sends samples 
of several heats of tubing to Foxboro 
sample tube is 
checked for thermal emf characteris- 


for testing. Each 


tics and the heats found suitable are 
set aside by Superior for redrawing to 
finished size. The first 2000 ft drawn 
from the heat is spot checked by a 
Foxboro inspector at the Superior 
mill. If acceptable. the entire heat 
is then drawn to finished size. 

In testing for thermal emf, Foxboro 
immerses the piece to be tested and 
one that has met the standard in a pot 
of molten tin as shown in Fig. 2. A 
millivoltmeter indicates any differential 
between the two pier es, 





Fig. 1 


Fig. 2 


Cross-sectional view of a Foxboro Pyod thermocouple showing the asbestos 
covered constantan wire (negative element) 


and the type MT-1015 tubing which 


serves both as the positive element and as a protector for the wire. 


Fig. 2 


Testing for thermal emf. The piece to be tested and one that has met the 


standard is immersed in a pot of molten tin. A millivoltmeter indicates any differential 


between the two pieces. 
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To fill your need for electrical dependability... 


Rome's machine tool wire insulated with 
special long-service PVC compound 


lated wire. High dielectric strength 


It takes a lot of wire to power and con- 
trol today’s machine tools. And it takes 
wire that must stand up even under 
tough operating conditions. 

The ability of Rome Synthinol (poly- 
vinyl chloride) to stand up under al- 
most any condition is well known. This 
tough insulating compound meets all 
the requirements of the Underwriters’ 
Laboratories standards for thermo- 
plastic-insulated machine tool wire. 
Provides resistance to hazards. Oils 
and coolants can be rough on your 
equipment’s wiring—especially if rub- 
ber-insulated machine tool wire is used. 


Rome’s Synthinol is highly resistant to 


OCTOBER 1957 


the damaging effects of most oils, 
acids, and alkalies. And it withstands 
exposure to grease, gasoline, weather, 
and even flame. 

Keeps your machine operating 

under tough conditions. For service 
up to 600 volts under conditions of 
moisture, corrosive fumes, oil or chem- 
ical corrosion—or combinations of all 
these—Rome’s machine tool wire out- 


performs conventional rubber-insu- 


ROME 


Circle 191 on page 17 
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complete resistance to corona and 
ozone, and moderately high insulation 
resistance give further assurance of its 
long-term dependability. 

Specify Rome’s machine tool wire 
for your next job. Contact your nearest 
Rome Cable representative for moré 
information—or write to Department 
380, Rome Cable Corporation, Rome 


New York. 


CABLE 
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New 





Components 


and Materials 


A staff compilation of the latest developments . . . screened for 


design-in use in electrically operated end products 


complete 


with all released specifications and available application data. 


TINY JUNCTION 
PHOTODIODE 


The 1N77B junction photodiode, only 
0.077 in. diam., is compact and is de- 
signed for rapid, highly sensitive scan- 
ning and reading applications, as in 
computer tape or punched-card read- 
out. It is also adaptable to infrared 
detection and heat-seeking devices be- 
cause it is light wave 
lengths extending from near ultraviolet 
into infrared. Other applications for the 


sensitive to 


IN77B, which replaces the 1N77A. 
include liquid level control, headlight 
and street light dimmers, intensity con- 
trols, photoelectric controls and motion 
picture sound pickup. 

The 1N77B has a higher lumen in- 
tensity and a high output impedance, 
of particular value when coupled into 
vacuum tubes or grounded collector 
transistor circuits. It is hermetically 
sealed in glass with a built-in lens that 
focuses light on the sensitive portion of 
the junction. The light interruption fre- 
quency response is flat from 300 cycles 
to 15 ke at 100 per cent with 260 
lumens per sq ft. At 25 C, operating 
voltage is 50 volts d-c, power dissipa- 
tion is 40 mw, forward current 10 ma 
d-c, and light sensitivity is 18.7 peak- 
to-peak volts min and 37.5 peak-to-peak 
volts max. Maximum ambient tempera- 
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ture is 75 C. Sylvania Electric Products 
Inc., 1740 Broadway, New York 19, 
iy a 
Circle No. 501, Reader Inquiry Service Cards 
on page 17 


HEAVY DUTY MACHINE 
TOOL LIMIT SWITCH 


New addition, the tenth, to a line of 
heavy-duty machine tool limit switches, 
provides two isolated 
“overlapping” contact 


circuits with 
arrangement. 
The spring return mechanism holds one 
circuit closed. 

Actuating the operating lever ap- 
proximately 5 deg closes both circuits 
and travel of an additional 4 deg opens 
the first circuit while keeping the sec- 
ond circuit closed. The spring return 
reverses this procedure. 

Normally furnished for 
operation, with counter-clockwise 
spring return, the switch may be read- 
ily adjusted in the field for operation 


. ° 
clockwise 





in the opposite direction. Salety over- 
travel of 70 deg in each direction is 
provided. 

The switch is enclosed in a water, 
dust, and oil-tight enclosure. In order 
to provide any desired time interval for 
the overlapping arrangement, — this 
switch is of the slow make and break 
type. The R. B. Denison Manufacturing 
Co., 102 St. Clair Ave., N. W., Cleve- 
land 13, Ohio. 


Circle No. 502, Reader Inquiry Service Cards 
on page 17 


FLEXIBLE MAGNETIC 
SHIELDING FOIL 


The same metal alloys used in Netic 
and Co-Netic magnetic shielding have 
been developed into lightweight flex- 
ible foils which shield both low and 
high frequencies at low intensities. 
Foils are available from stock in 0.004 
in. and 0.007 in. thicknesses, Co-Netic 
AA foil is offered in rolls up to 2.5 
in. wide and Netic S3-6 in rolls up to 
14 in. wide. The foils have high tensile 
strength, are difficult to tear, yet can 
be cut with ordinary scissors to any 
required size or shape. The material 





bends easily and remains indefinitely 
in the desired bent shape. It wraps 
tightly like tape and does not spring 
back into original form because anneal- 
ing leaves it dead soft. 

Netic foils are non-shock sensitive 
and non-retentive. Co-Netic foils are 
slightly shock-sensitive, so should not 
be bent with radii less than 1% in. 
However, when Co-Netic foils are used 
with Netic foils or coated with special 
ferrous and ferrite powders they be- 
come non-shock sensitive. Both types 
of foil can be painted, cemented in 
position or potted, with no gassing or 
corrosion. They are affected only by 
acids or alkalis such as would attack 
any ferrous material. They require the 
same protection as other ferrous mate- 
rials from humidity and salt spray. 

The foils can be used in laboratory, 
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snap-on insulator 
developed for new integral web channel bus 


This special snap-on insulator — molded from Formica laminated plastics 
helped Consolidated Edison Co. of New York, Inc. become the first to 
insulate Alcoa integral web channel bus. 


The grade that “made the grade” with Con-Edison is Formica CN-41. 
It offers highly dependable arc resistance and excellent electrical insula- 
tion. It develops no toxic gases to contaminate indoor air. Molding pro- 
duces great mechanical strength. Molded-in spring tension holds the 
insulator permanently in place, greatly simplifying field application. 

This Con-Edison application is another example of how Formica-4, the 
complete laminated plastics service, solves difficult materials problems. 
Application Engineering selected the one right laminated plastic — from 


over 60 standard grades. Fabricating formed the material to the right 
shape and size. 


Standard bus bar 
This same coordinated Formica-4 service can help you with your design : 
. , insulation available from Formica in 
and applic: ition problems. To discover how, senc for your free copy 0 a variety of molded-on and slip-on styles. 
Formica-4 bulletin 584. Formica Corporation, subsidiary of American : 


Cyanamid, 4521-7 Spring Grove Ave., Cincinnati 32, Ohio 


Save your engineers’ time — use Formica-4, the . Application engineering 
complete laminated plastics service = 
2. Research 
Fabricating 


. Customer stock service 
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Modern Coil Equipment 
PLUS 


Modern Coil Handling 





insure perfection 


in all 


DANO COILS! 


When electronic produc- 
tion calls, Dano Coils an- 
swer with the exact coil 
to your exact specification. 
Regardless of type or quan- 
tity, Dano is fully geared 
in equipment, facilities and 
experienced personnel to 
handle all your coil require- 
ments. 


Specially Treated Coils 
Vacuum Impregnated Coils 
High Temperature Coils 
Encapsulated Coils 
Form Wound Coils 
Paper Interweave Coils 
Bobbin Coils 


Also, Transformers Made 7o Order 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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airborne and 
shielded room applications. These in- 


electronic, electrical. 
clude all types of permanent or tempo- 
rary experimental shielding for labo- 
ratory testing, transformer and cable 
wrapping, lining the inside of vibrator 
and relay cans, vacuum tube shielding, 
and spiral wrapping paper tubing with 
layers of foil between the layers of 
paper. Magnetic Shield Div., Perfection 
Mica Co., 1322 N. Elston Ave., Chicago 
22, Ill. 


Circle No. 503, Reader Inquiry Service Cards 
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MICRO-MINIATURIZED 
INSULATED TERMINALS 


Types ST-SM-16 stand-offs and FT-SM- 
16 feed-thrus mount directly on metal 
even in ultra-miniaturized assemblies. 
The Teflon bushing is only 0.093 in. 
diam for both types, while the overall 
length for standoff or feed-through is 
0.350 in. and 0.515 in. Lugs are brass, 





S 
oe 


electro-plated solder finish. Despite 
their small size, these “Press-Fit” ter- 
minals are rated at 750 volts rms, sea 
level, 3000 volts flashover, and 1300 
volts actual flashover at 50.000 ft at a 
temperature range of —65 to +200 C. 
They press-fit in 0.080 chassis holes 
to 0.075 in. in thickness and are avail- 
able in any one of the eight RETMA 
code colors. Sealectro Corp., 610 
Fayette Ave., Mamaroneck. N. Y. 


Circle No. 504, Reader Inquiry Service Cards 
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RATIOMETER HAS 
HIGH-SPEED READOUT 


High speed, self-contained ratiometer 
for d-c analog computers features ac- 
curate readout, continuous balance, and 
automatic polarity indication. It pro- 
vides an average of 11% sec per reading. 


a 
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with high accuracy. The output shaft 
extension has many uses, including the 
mounting of shaft encoders, output 
potentiometers and other rotary trans- 
mitting devices. It is scaled 10 revolu- 
tions full scale with an output torque 
of 5 oz-in. 

There are two models, the UV-100 
and the RV-1. Model UV-100 has an 
accuracy of 0.05 per cent full scale 
with an input resistance of 10 meg- 
ohms. The unit is chopper stabilized. 
Power requirements are 115 volts +10 
per cent 60 cps at 40 watts, with a 
reference voltage of +100 volts at 2 
mils. This model is adjustable to func- 
tion with reference as low as +1 volt. 
Model RV-1, with an accuracy of 0.1 
per cent, has a self-contained reference 
of 0.01 volt (10 mv) full scale and an 
input resistance of 2 megohms, which 
is infinite at null. Its power require- 
ments are 115 volts +10 per cent 60 
cps at 45 watts. Servonics, Inc., 814-22 
North Henry St., Alexandria, Virginia. 


Circle No. 505, Reader Inquiry Service Cards 
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ALUMINUM FOIL 
WIRE MARKERS 


Speedy Marx aluminum markers are 
furnished on quick-release dispensing 
cards which have been pre-cut for easy 
handling, and can be applied instantly 
without tools. A thermosetting adhesive 
retains its bonding action up to tem- 
peratures of 350 F, and the mechanical 
action of the aluminum as it wraps 
around wiring will remain unaffected 





by solvents, grease or coolants. Even 
large diameter wire and cable, or pipe 
and tube, can be coded with aluminum 
markers, 

A transparent plastic coating is 
applied to marker surfaces after im- 
printing to protect symbols against 
abrasion, water or dirt. Symbols or 
markings may be specified as required. 
or conventional markings like consec- 
utive numbers or letters. ete., ordered 
from stock for immediate delivery. Two 
sizes are available: 144 in. markers 


for wires over 14 in. OD. °4 in. markers 
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Surviving Impact is an 
Eimac Ceramic Tube Extra 


Aeronautical electronics demands extras from vacuum tubes. 


Among them is the ability to withstand heavy impact without stand 50G shocks of 11 millisecond duration. It will operate 
impairing electrical characteristics. The photograph dramati- in airborne or ground station service at full ratings up to 
cally shows what happens to a 250 watt glass envelope tube 500mc. 

and an Eimac 300 watt ceramic tube when both are dropped 
from a height of seven feet. The ceramic tube “‘took it.” 


The small Eimac ceramic 4CX300A, shown above, will with- 


In its new line of ceramic tubes, Eimac has the answer for the 
aeronautical engineer who needs a tube that will deliver full 
Other advantages of Eimac ceramic tubes are: resistance to output under extreme environment. 

damage by vibration and temperature; smaller size without 

sacrificing power; ability to undergo optimum processing 

techniques that lead to tube reliability and longevity. 


For further information, consult our 
Application Engineering Department. 


EITEL-McCULLOUGH, INC. 
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Etmac First with Ceramic Tubes that can take it 


4CX300A MAXIMUM RATINGS TO 500MC 
FM AM _— SSB FM AM SSB 
D-C Plate Voltage . . . . 2000 1500 2000 Plate Dissipation, watts . . 300 200 300 
D-C Screen Voltage . . . 300 300 400 Screen Dissipation, watts . 12 12 12 
D-CGridVoltage . . . .—250 —250 — Grid Dissipation, watts . . 2 2 2 
D-C PlateAmperes. . . . .250 200 .250 
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i" 
TAPER-PIN 


RECEPTACLE 


TEFLON’ TERMINALS 
SELF-INSULATED 


SPACE-SAVING 
EASILY-INSTALLED 


FEED-THRU AND 
STAND-OFF TYPES 





Another 
Qosglectro Firet! 


Now... Taper-Pin Receptacles com- 
bined with “Press-Fit” Teflon- 
insulated terminals for quick and 
easy mounting directly on metal 
chassis or panel. Eliminates usual 
phenolic board with its troublesome 
and costly breakage. 

‘“‘Press-Fit’’ Taper-Pin Receptacles 
are individually-insulated units that 
can be installed in a jiffy at any re- 
quired spacing. Available in feed- 
thru and stand-off types as well as 
high-voltage units with long leakage 
path. Choice of eight RETMA colors 
for coding and in a wide range of lug 
combinations. 





brand new edition 
more pages, bigger 
listings, mere engi- 
neering information 
Write for your 
copy today 


+Trademark of E. I. DuPont 
de Nemours & Co.. Inc 





610 Fayette Avenue, Mamaroneck, N. Y 
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for wires under 144 in. OD. Special 
sizes, shapes and colors can also be 
furnished. North Shore Nameplate, Inc.. 
214-27 Northern Blvd. Bayside 61. 
N.Y. 
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MINIATURE RELAY HAS 
HIGH VIBRATION 
RESISTANCE 


Designed for continuous duty, general 
purpose d-c use for aircraft, missiles, 
communications and other circuit con- 
trol applications, Series 5400 relay 
resists 15g vibration through 500 cycles. 
It withstands 5 to 70 eps at 0.60 in. 
double excursion and 15g from 70 to 
500 cps without chatter or transfer. It 
is available in arrangements up to 6 





= 


Form A or 4 Form C (total of 12 
springs). The standard contact materi- 
al is palladium rated at 3 amp 26.5 
volts d-c or 115 volts a-c resistive. Can 
be supplied in ratings up to 10 amp 
per contact. 

Weighing 1.7 oz, the relay is avail- 
able in standard voltages up to 115 
volts d-c. The maximum coil resistance 
is 10,000 ohms, and it is normally 
supplied with a coil resistance of 280 
ohms, +10 per cent for operation on 
26.5 volts d-c. Price Electric Corp., 
Frederick, Md. 
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SOLENOID FOR ROTARY 
OR LINEAR ACTION 


Developed primarily for the home ap- 
pliance trade, the “Rotosol” rotary sole- 
noid employs a magnetic circuit that is 
highly efficient and permits operation 
under load over wide fluctuations in 
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voltage. The permissible angle of rota- 
tion at which work can be performed 
is up to 70 deg. The torque produced 
by the electromagnetic circuit increases 
as the angle of rotation diminishes. 

The Rotosol features rugged contruc- 
tion with sturdy mounting frames 
supporting the drive shaft in oil im- 
pregnated bronze bearings. The drive 
shaft extensions from either side or 
both sides are supplied according to 
customer specifications. Connection to 
the load can also be made directly to 
the rotor for special applications and 
further reduction in machine parts. 

Magnet coils are wound on molded 
phenolic bobbins, varnish impregnated 
and baked. The magnet coil is serviced 
without disassembly. A thermal device 
is built into the coil to prevent damage 
to surroundings by smoke and fire in 
case of overload. This solenoid is about 
25 per cent more efficient than plunger 
type relays due to the action of the 
rotor being hinged with a ground shaft 
and operated in permanent lubricated 
bearings. This not only increases the 
efficiency, because the air gap is never 
opened on the one pole, but reduces 
the friction that is present in a plunger 
solenoid by the rotor section sliding in 
a tract from open to a closed position. 
A device can be connected to the shaft 
on either side of the solenoid to give 
rotary action either in a cw or ccw 
rotation, or can be connected to the 
rotor and give linear motion. Roto 
Manufacturing Co., 1030 W. Second 
St., Xenia, Ohio. 


Circle No. 508, Reader Inquiry Service Cards 
on page 17 


MODULAR MINIATURE 
SCREW-LOCKING 
CONNECTORS 


Series MI-BSL “floating body isolation” 
miniature screw-locking connectors has 
been extended to include a multiple 
modular design to permit expansion up 
to 250 contacts. Floating body isolation 


insures vibration and shock protection 
and high environmental resistance 
through complete separation of elec- 
trical and mechanical elements. Insu- 
lating body is available in glass-rein- 
forced alkyd, mineral-filled melamine, 
or diallyl phthalate to meet MIL speci- 
fications. Shells and brackets are die- 
cast aluminum. 

Series MI-BSL double-lead connectors 
have a 5 amp current rating with 
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D-C PlateAmperes. . . . .250 .200 250 


Class “E”’ 


This is the relay you’ve asked us to build. Now 
Automatic Electric is happy to present its latest 
achievement—the miniature Class ‘‘E’’. We’re 
proud because this husky baby brother of the Class 
‘**B” condenses all of its famous features in a min- 
imum of space and weight . . . with no sacrifice of 
quality! Many Class “E”’ features appear for the 
first time in a relay of such compact size. Here’s a 
relay which is indispensable where small size and 
weight (coupled with reliable performance) are of 
prime importance. 


This new miniature relay comes to you with a 
solid reputation, backed by 65 years of leadership in 
automatic dial telephone equipment for America’s 
Independent telephone companies and leadership 
in industrial controls for industry. 


Check these features of the new Class ‘“‘E”’— 


® miniaturized, telephone-style, base mounting for 
rear-connected wiring. 


® heavy thickness armature arms (previously avail- 
able only in larger relays). 


OCTOBER 1957 


heavy-duty backstop that won’t wear out. 
® adequate terminal clearances for easy wiring. 
® long-life, lubricant-retaining bearing also allows 


for an easy check of the heelpiece airline setting, 
without disturbing the adjustment. 


® fully independent twin contact springs. 
sturdy, strain-relieved heelpiece insures stability 
of adjustment. 


For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) Ltd.., 
Toronto. Offices in principal cities. 


AUTOMATIC < ELECTRIC 


® 
A member of the General Telephone System 
One of America's great communications systems 
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Clean, uniform, exact heat 
to match the size 
FUSE ae Tg 
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CHROMALOX 


Electric Strip Heaters 


Quickly and easily bolt or clamp 
Chromalox Electric Strip Heaters 
to your platens, dies, kettles, tanks, 
pipes, ovens, air ducts, for the 
many advantages obtained only 
with electric heat. 


Lengths 4” to 96” Widths %" to 2%" 
Cross-section curving or lengthwise bending. 
Ring Diameters 2%" to 11” 

115, 208, 230, 480 Volts 35 to 5,000 Watts 
Sheath Materials: rust resisting iron, high 
temperature chrome steel, Monel 

Choice of convenient terminal placements. 


FREE BULLETIN 


Call your Chromalox Represent- 
ative . . . or write today for 
Bulletin F1566. 





Edwin L. Wiegand Company 
7530 Thomas Boulevard, Pittsburgh 8, Pa 
c-2108 


mon 





foaw? 
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insulation resistance over 100,000 meg- 
ohms and voltage breakdown between 
contacts at 2600 volts a-c. This extended 
design permits expansion of the number 
of contacts within one unitized shell, 
providing easy engagement and disen- 
gagement without damage to molded 
elements. Power connectors in Series 
980-BSL and 990-BSL up to 250 con- 
tacts are also available in this modular 
design. U. S. Components, Inc., 454 
East 148th St., New York 55, N. Y. 
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SINGLE AND DOUBLE 
SOLENOID 4-WAY CONTROL 
VALVES 


Available in both single and double 
solenoid types, for manifold or sub- 
base mounting, these valves (designated 
Speed Kings) cut original installation 
and in-service maintenance time to a 
minimum. Plug-in connectors built. in- 
to pilot, valve body and manifold or sub- 
base complete electrical connections as 
components are bolted in place. De- 
signed for control of smaller devices. 
the 14 in. size features compactness. 





























fast operating response. multi-million 
cycle dependability and low cost. These 
valves incorporate aluminum bodies, 
manifolds or sub-bases, end caps, 
spacers and pistons; hard chrome- 
plated stainless steel stems; stainless 
steel shock pads and standard O-ring 
packers. Solenoid pilots are inter- 
changeable between single and double 
solenoid types. Coils, encased in epoxy 
resin, are guaranteed against burn-out 
for the life of the valve. Pilot plungers 
and valve stem are the only moving 
parts and no springs are used in the 
main valve body. Service life is said 
to exceed 25 million cycles. 

Speed King 14 in. 4-way valves, for 
30-250 psi air service. are available 
with solenoid coils for a-c or d-c, in 
any voltage. Cylinder ports and inlet 
are tapped 44 in. NPT: exhaust is 
tapped 3/8 in. NPT. Port and mount- 
ing locations of single and double 
solenoid types are identical. Manual 
over-ride for use during machine set-up 
is optional. Manifolds. with either 2 
or 3 stations for multiple mounting, 


have 4% in. NPT common inlet and 
exhaust ports; % in. NPT cylinder 
ports for side or bottom connection ; 
plus a 1144 in. NPT common conduit 
port with full length side access cover. 
Manifolds may be ganged for multiple 
installation of any number of valves. 
Valvair Corp., 454 Morgan Ave., Akron, 
Ohio. 
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PHOTOELECTRIC RELAY 


Made without amplifier tubes, this 
line of photoelectric relays withstands 
weather, dirt, vibration, shock, temper- 
ature, humidity, and voltage fluctu- 
ations. There is no maintenance to be 
expected, no internal heat, no get- 
ready time, and is simple to wire. 

Each type operates from 100 to 130 
volts, 50 to 60 cps, and each controls its 
own internal relay. 





The smallest type is a general-purpose, 
non-adjustable unit that is sensitive, 
highly directional, and controls 5 amp 
SPDT contacts. It is 41% in. high, 
built into a standard l-gang conduit 
box. A time delay feature can be built 
in. The largest unit, adjustable from 
the outside, is operable from as little 
as | ft-candle and sensitive to a 10 to 
20 per cent change in_ illumination. 
Photobell Co., Inc., 43 Vesey St., New 
York 7, N.Y. 
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IMPROVED LOW-DRIVE 
FERRITE CORE 


This improved low-drive ferrite core. 
the 222M2, is for use as an information- 
storing device in electronic digital 
computers. It is comparable to the 
high-drive core in its ability to with- 
stand large disturbing current impulses 
without reversing its flux state. The 
222M2 has faster turnover time, higher 
output signal and a driving current in 
the 300 to 500 ma range. 

A minute, ring-shaped device proc- 
essed by ceramic techniques, the core 
possesses magnetic properties. Directed 
current will cause it to change its 
positive or negative state. thus either 
storing or releasing coded information 
within millionths of a second. For 
example, operating in a_ coincident- 
current type matrice, the 222M2, re- 
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For high conductivity copper 
=castings and forgings = 


call on PBzB 


You can be sure of getting the quality you need... 
plus the service you want... by making Philadel- 
phia Bronze & Brass your headquarters for high 
conductivity copper castings and forgings. 


Every piece is tested and certified. Castings, made 
from top grade electrolytic copper, are certified 
at least 90% 1.A.C.S. electrical conductivity. 
Forgings, made from certified grade oxygen-free 
high conductivity copper, are at least 98% 
often exceed 100%. 

Complete service by PB&B not only covers pattern 


making, alloying, casting, forging and rough or 
finish machining, but also expert assistance in 


design of parts and selection of most effective 
alloys. Our specialized experience gained through 
more than 30 years of non-ferrous work saves you 
time . . . assures quality in your finished prod- 
uct. Our facilities can handle work from a few 
ounces to a few tons, to uniform high standards 
of production. 


Write today for our catalog outlining PB&B facili- 
ties and alloys including high strength, 
corrosion-resistant alloys for structural use in 
electrical equipment. Call us for a quotation on 
your job, or see any of the field offices of 
P. R. Mallory & Co. Inc. 


PHILADELPHIA 
BRONZE & BRASS CORP. 


22nd and Master Streets, Philadelphia 21, Pa. 
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NEWLAIGLZLE ELECTRONIC RESET TIMER 
SPANS RANGE FROM .1 TO 10 SECONDS 


« « » COMPENSATED CIRCUIT MAINTAINS HIGH ACCURACY 


ELECTROFLEX 


Eagle’s new Reset Timer em- 
ploys only two moving parts 
(relay armatures), achieving 
precise short-interval timing 
through a dual range elec- 
tronic circuit. Timing ac- 
curacy is maintained within 
2% through line voltage 
variations from 90 to 130v. 
ambient temperature changes of 52°F. to 140°F., electronic tube 
replacements, and vibration up to 3g. 


SUGGESTS NEW CONTROL IDEAS 


Electroflex Dial, with precision wound potentiometer, may be mounted 
at the push button station with the mechanism located at a spot more 


convenient to wiring, installation. 


PULSER 


Pulsing with adjustable dwell is easily effected. Periodic output pulses 
may be continuously repeated with the OFF period adjustable on 
the dial. Pulse length (or reset time) is .050 seconds. OFF time is 


adjustable to 10 seconds 


COMPANION EQUIPMENT 
The Electroflex Timer, the Eagle Micro- 


flex Timer, synchronous motor driven 
for longer time intervals, and the 
Microflex Counter, (shown) all share 
the same large 4” dial, mounting di- 
mensions, accessories and selection of 
enclosures to provide uniform appear- 


ance, simplify installations, 


Send for new Eagle Bulletin 150. Simply write to Eagle Signal 


Corporation, Industrial Timers Division, Moline, Illinois, Dept. 
EM-1057. 
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ceiving a full driving current of 400 
ma, will produce an undisturbed “One” 
output signal of 72 mv peak and a 2.4 
# turnover time. Radio Corporation 
of America, Front St., Camden, N. J. 


Circle No, 512, Reader Inquiry Service Cards 
on page 17 


TIME-DELAY SWITCH 


Delay ranges from 5 to 20 sec up to 
1 to 5 min are available in this line 
of time-delay switches, including two 
types of thermally operated switches 
used in conjunction with magnetic re- 
lays. One type provides immediate re- 
cycling; the other does not. The prin- 
cipal difference between the two is 
that the immediate recycling type has 


two sets of contacts, one normally 
open and one normally closed. The 
other type has only one set of contacts, 
either normally open or normally 
closed. Both types can be supplied with 
contacts rated 1 or 2 amps at 115 
volts a-c. 

Standard timing ranges are: 5 to 
20 sec; 15 sec to 2 min and 1 to 5 
min. Typical units measure 3 in. x ¥% 
in. x ¥ in. Betts & Betts Corp., 213 
West 14th St., New York, N.Y. 
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HIGH-TEMPERATURE 
INSULATING CHANNELS 


Made in either Class H (glass-silicone) 
or Class B (glass-polyester) materials, 
Silcobest insulating slot wedges are 
available in 36 styles in widths from 
1, to 14 in. in steps of %2 in. Wall thick- 
ness is either 0.020 or 0.030 in. There 
are two contours, one approximately 
half-round and the other with a flat 
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Special: points, special heads, and special-purpose 
screws incorporating the Shakeproof Thread-Cutting 
slot provide added cost-cutting advantages. 


End separate tapping costs ® Shakeproof Thread-Cutting Screws cut perfectly mated 


threads ® Available in three styles for metals, die-castings and plastics * Can 
be removed and re-used * Extra strength due to heat treating ® Available 
in all standard head styles, pre-assembled as Sems, and 


in many special application designs as shown above. 


Write for Sample kit containing Shakeproof 
Threod:Cutting Screw assortment 


SHAKEPROOF 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois « Offices In Principal Cities 
In Lunada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 


OCTOBER 1957 Circle 200 on page 17 





bottom. Both styles have slightly ta- 


| pered sides to insure a tight fit against 
ca an | lamination slots. 


Advantages of Silcobest wedges are: 


HH aT | DU ia : they permit maximum use of slot space, 
” ie ; resulting in more winding space and 

. shea >» less chance of tearing wire insulation 

TY yo 3 Vy Le) > 7” or slot liners; high mechanical strength 


resulting from multi-layer woven glass 

Bt -_ | cloth construction; dielectric strength 
averages above 100 volts per mil; both 
silicone and _ polyester wedges are 
highly resistant to most chemicals and 
have low moisture absorption; Silco- 
best Class H wedges are designed to 
meet the requirements of military 
specifications MIL-E-917B for electri- 
cal power equipment and MIL-E- 
16400A for electronic equipment. 
Silicone Insulation, Inc., 1383 Seabury 
Ave., Bronx 61, N. Y. 
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CONTROL CIRCUIT TRANSFORMERS = MERCURY SWITCH HAS 


POSITIVE PULSE ACTUATION 

Featuring positive pulse actuation, this 

switch, designated AS 702B, has appli- 

e ® cations in business machines, call sys- 

C1 nck wuyie capacity | tems, counting devices, electric fences, 

| inching circuits and many other de- 

| vices. High surface tension of mercury 

: | in the switch and the double incline of 
| the bent tube pull the mercury through 


the closed contact position without a 


... handles up to 90 percent more inrush current than Hevi- 
Duty Type SIO transformers — the previous performance 
leaders — and up to 150 percent more than transformers 
without interleaved windings. 


Du this wuck bess panel space 1 


be 625 — 


You can expect savings up to 20 
percent in panel space over models chance of contact welding or dead 
of equal rating. Even greater sav- break. The mercury is in motion when 
ings in both panel space and cost the circuit is made and cannot stop 
20 i are possible since their greater until it has passed through the on-off 
LESS SPACE capacity often permits you to use | position and on to the other end of the 
; F tube. This insures that the circuit will 
a smaller unit. always be open, even if the driving 
mechanism fails to operate. 

Electrode and glass barriers are 
New Type SZO transformers are available in capacities rang- designed to prevent circuit closure if 
ing from .050 to 5 KVA. the device in which the switch is used 

should be tipped in any but the normal 
direction. This allows the switch to be 
Write for Bulletin 300 for full information used for direct one-to-one revolution 
counting on slow rotating devices. 


HEVI-DUTY ELECTRIC COMPANY Models are available with or without 


terminals and 7 in. lead wires. Circuit 


HEAT TREATING FURNACES =PuTY ELECTRIC EXCLUSIVELY | arrangement is SPST, momentary con- 
HEMI | arrangem 


tact. electrical rating for the 
DRY TYPE TRANSFORMERS ©® CONSTANT CURRENT REGULATORS AS 702B series of mercury switches 


MILWAUKEE 1, WISCONSIN | is 1 amp resistive, 115 volts a-c, based 
on a switch life of at least 150,000 
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When you think of 


Think of Handy & Harman 


Because... 


@ Handy & Harman is the leading manufacturer of silver and silver alloys for industry. 


@ During 90 years in precious metals, Handy & Harman has helped develop many 
of the uses of silver by industry. 


@ Experience and research have established Handy & Harman as the Number | 
authority on silver. 


This experience and knowledge is at your call. Whatever 
your silver requirements, Handy & Harman is anxious 
to be of service. 


Here are some of the forms Handy & Harman manufactures: 


@ Fine Silver (wire, strip and foil) @ Silver electronic solders 

@ Silver anodes and grain for plating @ Silver sintered metals 

@ Silver contact alloys @ Solder - flushed silver alloys 
@ Silver powders @ Silver chloride and oxide 
@ Silver flakes and paints @ Coin Silver (wire and strip) 
@ Silver brazing alloys @ Silver Bi-metals 


For your information file 
We have four Technical Bulletins giving en- 
gineering data on the properties and forms 


of Handy & Harman Silver Alloys. We Your NO. Source of Supply and Authority on Silver Alloys 
would like you to have any or all of those 


that particularly interest you. Your request, 

by number, will receive prompt attention. HANDY & HARMAN 
| Fine Silver. . . . . . . . . Bulletin A-1 
_. Silver-Copper Alloys. . . . . . Bulletin A-2 

Silver-Magnesium-Nickel . . . . Bulletin A-3 : OFFICES and PLANTS * _ BRIDGEPORT, CONN. 

Silver Conductive Coatings. . . . Bulletin A-4 PROVIDENCE, R. |. CHICAGO, ILL. CLEVELAND, 


OHIO + DETROIT, MICH. ¢ LOS ANGELES, CALIF. 
TORONTO, CANADA ¢ MONTREAL, CANADA 


General Offices: 82 Fulton St., New York 38, N. Y. 
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A New Concept of TIME... 


INDUCTOR MOTOR 


CLUTCH 
MOTOR 


400 CPS MOTOR o 


i Complete 
<-NEW Line of 


HAYDON® 


TIMING MOTORS 


Here is a complete line of timing motors that includes the right 
choice for every APPLICATION ... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac- 

curacy, quieter operation and longer life. 


HYSTERESIS . . . the ideal general-purpose motor. 


INDUCTOR... . extra torque (30 ounce inches) for display and other 
heavy-duty jobs. 


CLUTCH ... allows automatic re-setting without external clutches. 


REVERSIBLE ...a hysteresis type with 2 coils, each producing 
opposite rotation. 


DIRECT CURRENT ...a permanent magnet type for 6 to 32 volts. 


400 CPS... miniature and heavy-duty models for airborne instru- 
mentation. 


FOR COMPLETE INFORMATION, write today for new catalog .. . or 
contact the HAY DON Field Engineer nearest you. 


*Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORPORATION 


HEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 
A cote: gh i 


2534 ELM STREET, TORRINGTON, CONN. 
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operations. Micro-Switch, Div. of Min- 
neapolis-Honeywell Regulator  Co., 
Freeport, Illinois. 
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ELECTRONIC CHASSIS LATCH 


Designed for use on electronic chassis, 
the aluminum latch, known as 27L, is 
comprised of two working parts for 
each assembly, handle and adjustable 
fork and acts as handle, ejector, pull 
and lock. These parts are interchange- 
able with those of earlier series 21L. 
The fork is available in two sizes. 
Lighter in weight yet larger than 
the earlier series, the latch measures 


2 in. x 434 in. x 6%4 in. Another 


development is the adjustable feature 
of the fork to meet mounting dimen- 
sion tolerances. Once adjustment is set, 
it can overcome higher frictional 
forces. Latch sizes accommodate a min- 
imum panel size of 5 in. A 6 lb maxi- 
mum load disengages the handle lock; 
maximum horizontal working load is 
400 Ibs, ultimate load, 600 Ibs. Camloc 
Fastener Corp., 22 Spring Valley Rd.. 
Paramus, N.J. 
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A-C to D-C CONVERTER 


Known as the “Electroverter,” it is simi- 
lar in some respects to a vacuum ther- 
mocouple but is more rapid in response, 
will withstand overloads without burn- 
ing out, and is more stable. Calibration 
can be relied on over long periods of 
time. It is compensated both for tem- 
perature and rate of change of tempera- 
ture and is suitable for use from the 
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One 


Pallet of Quality 


-Coming Up! 


} 


Whatever packaging you 
Roebling Magnet Wire 


certain the wire is of unsurpassed quality 
Modern manufacturing methods... qu 
eH 


ingredients ... wire-making s 


dec ades ol 


experience 
and Inspection all these { 


to assure this one high standard 


Roebling Magnet Wire « 
others! 


Roebling Magnet Wire ¢ 
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izes exactly suited to your 
| pli ations...and pa kaged to 
e you utmost flexibility, efh- 
economy. Write Electrical 
John A. Roebling’s Sons 


Trenton 2. New Jersey 


. for all 
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DC POWER SUPPLY 


* 


Typical Motoresearch 
Equipment For 
Specific Applications 


ENGINE GENERATOR 


vailable— 


RESEARCH and PRODUCTION FACILITIES 


for Electrical Power Systems 
to meet Military Specifications 


Motoresearch electrical equipment and power systems are de- 
signed and produced to meet unusual requirements. Our facilities 
include original development, production to existing design and 
the ability to modify for specific application. 


Typical Motoresearch equipment is illustrated. Direct current 
Power Supply is a component of Air Force Ground Control 
Approach System. A requirement for very close regulation under 
extreme conditions prompted the development. High Frequency 
Motor shown is for turret fire control. It develops %2 HP and 
weighs 2.5 pounds. Engine Generator is a self-sufficient 400 cycle 
power unit for Military application. Similar equipment includes 
Motor Generators, Control Units, and Geared Induction Motors. 


Send us detailed specifications and schedule quantity needs for 
your weapon system or related application. We will appreciate 
the opportunity to offer a proposal for your consideration. 


ccanch COMPANY 


gfore 


1600 JUNCTION AVENUE, RACINE, WISCONSIN 
‘ Gearmotors and 
Special Electric! Equipment 
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lowest audio frequencies up into the 
microwave region. 

One half inch in diameter, Electro- 
verter converts a-c voltages, currents, 
or power to d-c voltage directly pro- 
portional to the true root square value 
of the alternating current being con- 
verted. The d-c voltage output repre- 
sents the true, actual heating power of 
the a-c current. The electroverters con- 
sist of three or more thermocouples of 
noble metals arranged such that the a-c 
current flow directly heats two or more 
thermocouples from which a_ d-c 
output voltage is generated. These units 
contain only metal and glass and are 
not damaged by temperatures up to 
350 F. The resistance of the unit, as 
connected in series with the current 
measured, is approximately 9 ohms. 
Normally, however. it is shunted with 
resistors to make the resistance lower. 
Hastings-Raydist. Inc.. Hampton. Va. 
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SWITCH INCREASES 
VERSATILITY OF MEGGER 
INSULATION TESTER 


\ 4-position switch. known as_ the 
A-R-K switch, has been introduced on 
the Meg type of Megger insulation 
tester. The hand-operated generator 
models now provide facilities not for- 
merly available in one instrument. The 
A-R-K switch includes: A. megohms 

x 1 and — x 10; R, ohm scale; and 
K. capacitance discharge switch. In 


addition there are earth. line and guard 
terminals so arranged as to require no 
change of connections when switching 
to the ohm scale. 

The ratio switch (A switch) divides 
by 10 the regular megohm scale. Thus, 
an instrument having a normal range 
of 0 to 1000 megohms also has. with 
the ratio switch, a range of 0 to 100 
megohms, permitting insulation resist- 
ance measurements down to as low as 
10.000 ohms. The discharge switch 
(K switch) permits the discharge of 
capacitance in the apparatus under 
test. This charge is built up during the 
test because the test voltage is d-c. The 
ohm scale (R switch) has a range 
from 0 to 10,000 ohms. With it, tests 
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PANEL METERS 


We 
LONG 
200° 
SCALES 


First with a comprehensive line of ruggedized d-c and 
a-c panel meters, Weston now provides these instru- 
ments in the popular 32” size with long readable scales, 
higher accuracy, improved sensitivities and superior 
ballistic characteristics. Designed to meet, and surpass 
in scale length and accuracy, all requirements of MIL- 
M-10304A. They incorporate all Weston ruggedized 
design features including integrally molded and bonded 
shock mounting plates; shock-absorbing spring-backed 
jewels; screw driver type zero correctors, front sealed; 
anti-static treated plastic sealed windows; self shielding 
etc. For all the facts, consult your nearest Weston repre- 
sentative, or write—Weston Electrical Instrument Cor- 
poration, Newark 12, New Jersey. 


WESTO _ 
bdlnunetibd ~~ 
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this man knows what’s INSIDE 
hs BLACK BOX FILTER 


He’s taking advantage of a new 
trend spearheaded by Sprague to- 

ward unitized filter assemblies. 
Sprague’s individual cylindrical 
filter elements can be taken from 
the shelves, wired in any configura- 
tion which available space dictates, 
and used! Black boxes, when used 
at all, serve only as “wrappers” 

Now many of your most complex 
r-f interference problems can be 
solved in this way. It reduces inven- 
tory problems and cuts your manu- 
facturing costs. Order the elements 
and package them yourself in your 
system, or else Sprague can do the 
packaging for you. 


Even if unitized filter assemblies 
do not add up to the answer to your 





problem, you're sure to benefit from 
Sprague’s library of more than four 
thousand proved filter designs . 

three laboratories for filter research 
and development . .. complete facil- 
ities for interference measurement 
and control . .. field consulting ser- 
vice... and mass production facili- 
ties on the East and West Coasts. 


If you, too, have an interference 
problem, pick up your phone and 
call your nearest Sprague Electric 
Field Engineering Laboratory. 
They are located at 12870 Panama 
Street, Los Angeles 66, Calif. 
(TExas 0-7531); 224 Leo Street, 
Dayton 4, (ADams 9188); 
307 Marshall Street, North Adams, 
Mass. (MOhawk 3-5311). 


for filters 
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can be made of conductor resistance 
without resorting to other test equip- 
ment. The ohm scale is used in addition 
to and independently of the 


seale. 


megohm 


The facility for discharging 
tance 


capaci- 
removes the hazard to persons 
and equipment that might come in 
contact with charged apparatus follow- 
ing the test. James G. Biddle Co.., 
1316 Arch St.. Philadelphia 7, Pa. 
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PHENOLIC TUBING FOR 
PRESS-FITTED ASSEMBLIES 


Phenolite Grade XX- 
3113, this rolled phenolic tubing has a 
high internal bursting strength and is 
recommended for use 


Designated as 


where metal 
tubes or studs are to be inserted into 
tubular plastic insulators, such as in 
brush holder assemblies, insulated 
bushings and other applications calling 


for press-fitted assembly. It is available 





in inside diameter sizes ranging from 
0.093 in. min to 0.379 max: in wall 
thicknesses from 0.010 in. to 5/64 in.. 
depending pen piping size; and in 
le ngths up to 2 5 in. 

Phenolite Grade XX-3113 tubing has 
a natural color. Typical radial com- 
pression values are: 179 lb for 0.104 
in. ID by 0.164 in. OD tubing: 152 Ib 
for 0.131 in. ID by 0.187 in. OD tubing. 
The material has an axial compression 
strength of 17.100 psi, a density of 
from 1.20 to 1.25 gm per cc, and a 
water absorption gain of from 5.10 to 
This grade meets NEMA 
grade XX _ rolled 
National Vulcanized Fibre Co.. 
1057 Beech Street, Wilmington 99, Del. 
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5.65 per cent. 
specifications — for 
tubing. 


ADHESIVE BONDS 
ELASTOMERS TO 
TEXTILES 


Industrial adhesive Chemlok 401 bonds 
Dacron and nylon to uncured natural 
rubber. GR-S, butyl and 
Buna N elastomers and produces a 
high-strength structural bond. It does 
not degrade the high tensile 
of the fabric in the 


neoprene, 


strength 
finished product 
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BUSS Heat-Limiters ... 


Cut Off the Current at a Pre- 
Tete Mult tee eee) 
Protect . . . Hair Driers, 
eas aat t labile Ltda Sta 
Deep Fryers, Incubators, 
Ovens, Cookers, Heaters, 
Combination Room Coolers 
or other devices or ap- 
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BUSS Heat-Limiters... 


provide ideal 
back-up protection 
for thermostatically 
controlled devices 
or apparatus. 


To guard against the possibility of dan- 
gerous overheating resulting if a thermostat 
fails for any reason .. . you can ‘back-up’ the 


off the current when the tempera- 
ture reaches a pre-determined point. 


How a BUSS Heat-Limiter 
operates: A BUSS Heat-Limiter 
has a thermal cut-out that opens the 
circuit if anything causes the tem- 
perature to rise above its opening 
point. 


This safe protection remains safe 
thru the years. Dust corrosion or 
age cannot prevent a Heat-Limiter 
from opening safely. There are no 
moving parts to stick or wear out 


element circuit—or if the 
current is controlled by a 
contactor they can be installed in 
the relay circuit. 


heater 
heater 


BUSS Heat-Limiters are avail- 
able in many types and in many 
styles of terminals to suit require- 
ment. Tell us your problem and let 
BUSS engineers help you solve it. 


For more information use coupon 
or write, Bussmann Mfg. Division 
McGraw-Fdison Co. St. 
7, Mo. 


Louis 


oe : ISS Heat- 
thermostats protection with BUSS Heat- Ls Where used BUS _Heat 
Scotian Limiters can be installed in the 05 
mre ser sre se ee eee BBB BBB eB eee eee 
ae w-Edison Co., University ot Jefferson, St. Louis 7 > 
BUSS Heat-Limiters prevent over- \ Bussmann Mfg. Division McGraw-Edison Co., U Mo 
. . Please send information on BUSS Heat-Limiters 
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and has good flex life characteristics. 
Room temperature strip adhesion val- 
ues exceed 100 Ibs per linear inch 
depending upon the strength of the 
elastomer compound. 

The adhesive consists of a solution 
of polymeric constituents and dispersed 
pigments in a non-flammable, organic 
solvent which is mixed with an_ iso- 
cyanate curative. A single coat is 
sufficient when the parts are to be 
bonded within two to three days. Use 
of a protective secondary coating main- 
tains adhesive activity during produc- 
tion layovers or storage. Application 
of Chemlok 401 is by brushing, spray- 
ing. dipping and print roll padding. 
Lord Manufacturing Company, 1635 
West Twelfth Street, Erie, Pennsyl- 
vania. 
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NUCLEAR-POWERED 
ELECTRIC TIMER 


Known as Betachron, the timer has a 
shelf and use life of over 25 years and 
is capable of operating over wide 
ranges of temperature, acceleration and 
vibration. It is suitable for use in 
weapon and missile systems where 
time delays from microseconds to forty 
hrs are required with an accuracy of 
+3 per cent over the temperature 
range of —65 F to +165 F. 

Capable of delivering energy pulses 
up to 250.000 ergs, it is encapsulated 


in a metal case, and provided with 
standard connectors at the output. A 
timer for fixed time intervals is supplied 
in a cylindrical metal case 2% in. 
diam, 1%, in. long. Settable time 
delays, up to 10 steps, are available 
in a variety of subminiature types 
depending on the number of time inter- 
vals desired. A switch, located within 
the case, initiates the time delay. 
Depending upon the application, either 
a snap action, pull wire, or external 
electrical signal type switch can be 
supplied without changing the physical 
dimensions of the unit. 

The heart of the timer is a nuclear 
battery that converts nuclear energy 
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directly into electrical energy. It is 
made with current ratings from 50 to 
5000 vamp and equilibrium voltages 
in the order of 10,000 volts. Battery 
performance is not affected by envi- 
ronmental conditions, and shelf and 
use life are not changed by short cir- 
cuiting. Universal Winding Co., P. O. 
Box 1605, Providence, R.I. 


Circle No. 521, Reader Inquiry Service Cards 
on page 17 


SERVO AMPLIFIER FOR 
POWER APPLICATIONS 


Model 33 servo amplifier is designed 
to drive pneumatic or hydraulic servo 
valves in power servo applications. 
The unit produces a d-c differential 
current in the push-pull output stage 
that is proportional to the input signal. 
The high impedance output stage mini- 
mizes phase lags due to the inductance 


of the coils in the servo valve elec- 
tro-mechanical actuator. The front pan- 
el contains a gain control. a balance 
control and a meter to indicate either 
system balance or output current level. 

Features of the five-tube unit in- 
clude: good dynamic response; either 
d-c or a-c inputs; 60 cycle excitation 
for feedback elements such as variable 
reluctance or E type transformer pick- 
offs, synchros or potentiometers; and 
provision for plug-in compensating net- 
works to alter servo system dynamic 
response when required. Raymond 
Atchley, Inc.. 2340 Sawtelle Blvd.. Los 
Angeles 54, Calif. 
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FLEXIBLE LINK SHAFT 


Suitable for remote controls and power 
drives, this flexible link shaft has equal 
torque in both directions. unlimited 
length and equal flexibility in all sizes 
from %¢ in. to 3 in. diam. The links 
consist of trunnion blocks and two half- 
links fastened together with screws or 
rivets. Cover materials are available in 
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. 2 a variety of materials including armored 

W | k H | a t | | neoprene hose. non-metallic hose or 

e | e 0 e D on lO Ud | y | semi-rigid tube. End fittings are avail- 

able to meet given requirements. Mini- 

ih eek wand mum link length is three times the 

j diameter and various link lengths can 

be combined in one shaft using long 
links for straight runs. 

Torque ratings for manual torsional 
movement are 50 in.-lb for 3g in. shaft. 
200 in.-lb for 4% in. shaft and 2500 in.- 
lb for 144 in. shaft. For motor drives 
at 1750 rpm, ‘xg in. hp requires *g in 
shaft. 1/3 hp requires 4% in. shaft and 
1 hp requires #4 in. shaft. Clark Flex- 
ible Link Shaft ee Box 73. Newton 
Highlands 61. Mass. 


Circle No. 523, Reader Inquiry Service Cards 
on page 17 





MOTOR AND GENERATOR 
BRUSHES HAVE PROTECTIVE 
CAP 


A hard rubber cap laminated to a 
protective neoprene pad provides a 
double-duty shock absorber for motor 
and generator brushes. The cap _re- 
ceives the initial impact of shock and 
vibrations transmitted from machine 
to brush holder. This protects the 
softer pad from excessive wear and 
compression. Pad in turn protects the 


_.. it’s Our Business! 





@ Quality control at Lewis Spring is the most important 
factor in our business—it is present through every department 
in our plant from receipt of raw materials to final shipping 
It is reflected in our engineering and design and equipment 
maintenance. It is a basic reason why Lewis Spring has so 
many good customers—they apply quality control in making 
their products, too. As an example, Lewis Spring was recently 
presented an award by Argus Cameras Division of Sylvania 
Electric Products Inc., Ann Arbor, Mich., for “Excellent Co- 
operation in Controlling Quality.". We highly appreciate the 
compliment 





Lewis Spring would like to help your plant control quality 
and we wouldn’t have to get an award for it, because 
It’s Our Business. 





brush from short life, breakage and 
shunt fraying. Called Red Cap brushes, 


LEWIS SPRING & MANUFACTURING COMPANY they provide service for: railroad trac- 
2646 W. North Avenue, Chicago 47, Illinois tion motors, heavy duty power shovels; 


drilling equipment; and_ steel mill 
presses and foundry equipment. 

ae ; The two-ply design protects the 

rush in several ways: a resilient layer 

; 8g me & x be & Ss absorbs vibration from all causes, re- 

ed aeat sulting in better contact between brush 

ees a eee ie and commutator (or ring); the hard 





top layer resists wear or indention by 








The finest light springs and wireforms of every type and material the spring finger, permitting free 
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BUILD THE PATTERN OF A THRE TR 


HAVE YOU MET THE 
SILIGONES MAN 2 


H ell tell you the story of the “impossible” rubber that helps deliver a hot blast to cold jets .. . 





or the case of the 3600 mph wind tunnel. Perhaps you'll want him to tell how he helped seal a delicate 
gyroscope ...or show you the brick that floats. Here’s a man with a thousand success stories 
about UNION CARBIDE Silicones. 

But the Silicones Man is in reality many men—in sales engineering, technical service. research, 
and development—all working together as the Silicones Division of UNION CARBIDE. Between 
them they possess tremendous knowledge about the wonderful world of silicones. There’s 
a Silicones Man in most major cities. Put him to work on your problems today. For a 
complete description of many silicone products, write for the booklet “Look to 
UNION CARBIDE for Silicones,” Dept. S-10, 
Silicones Division, Union Carbide Corporation, 
30 East 42nd Street, New York 17, N. Y. 


SILICONES 





The term “Union Carbide” is a registered trade-mark of UCC. 


In Canada: Bakelite Company, Division of Union Carbide 
Canada Limited, Toronto 7, Ontario 
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DURAKOOL 
Tilt Switches 


are the Life of your 
Automatic Controls 


This steel-clad Durakool 

mercury tilt switch has 

unique construction fea- 

tures that deliver years 

of trouble-free pertorm- 

ance on the most difficult 

ssignments you can find. 

MILLION Oper ating under sealed- 
WITHOU in, pressurized hydrogen 
gas, it takes 24 hours, fast 


cycling schedules in stride. 
See telephone directory for loca! distributor, or write. 


7 sizes, 1 to 65 amperes. 
DURAKOOL, INC. Send for Bulletin 525. 
ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ALL- STEEL 


‘Durakool 2, 
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IMPEDANCE COMPARATORS 


PRECISE, RELIABLE AND RAPID COMPARISON OF COMPONENTS 


Tests Resistors, Condensers, 
Inductors 

Percentage Deviation From 
Standard Read On Large Meter 
Rapid Response — No Buttons To 
Push 

High Accuracy And Stability 
Self Calibrating — Requires No 
Recalibration When Changing 
Ranges 


MODEL 60 MODEL 1010 


BRIDGE SUPPLY 6 Volts 2 Volts 
FREQUENCY | 60 CPS Either 1 KC or 10 KC 
FULL SCALE RANGES =e, —5%, +10, +20% =5%, +10%. =20% 
IMPEDANCE LIMITS: 
Resistance 5 ohms to 5 megohms 5 ohms to 5 megohms 
Capacitance 500 mmfd. to 500 mfd. 50 mmfd. to 10 mfd. 
Inductance 15 millihy. to 10,000 hy. 100 microhy. to 100 hy. 


$299.00 


OTHER MODELS AVAILABLE 


BRIDGE VOLTS FULL SCALE RANGES : 
8V-1000 CPS +1, 5, 10% Representatives 


2V-1 KC, 25 KC +5, 10, 20% in Principal 
8V-400 CPS +1, 10, 20% “the 
.2V-60 CPS +1, 2,10, 20% Cities 


INDUSTRIAL TEST EQUIPMENT CO. 
535 EAST 1lith STREET « NEW YORK 3, N. Y. 
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movement of the brush throughout its 
life: the hard top layer distributes 
pressure over entire area of the resilient 
layer, increasing its life. Speer Carbon 
Co., St. Marys, Pa. 
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SPEED CLIP ATTACHES 
PANEL SECTIONS ON 
CABINETS 


This dart-tvpe speed clip was designed 
to attach panel sections on any type 
of metal cabinet. Assembly is simple. 
Panel holes are aligned and the fastener 
is pushed into place, joining the panels 
securely within seconds. For inspection 
or service. a screwdriver is all that 


is needed to remove the clips. which 
can be used repeatedly. 

Made of spring steel, the clip has 
resilient spring tension in each of its 
legs which minimizes vibration and 
allows for slight misalignment of 
clearance holes. The outward thrust of 
the legs and the downward thrust of 
the embossed feet work together in a 
clamping action, sandwiching the two 
panels together. The speed clip is 
adaptable to appliances, radio and 
television units, metal housing or any 
panel-to-panel application where re- 
movability is a factor. Tinnerman Pro- 
ducts. Ine.. Cleveland, Ohio. 
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MECHANICAL PULSE 
AMPLIFIER—INDEXING 
CLUTCH 


The mechanical pulse amplifier-index- 
ing clutch features built-in controls and 
bearings as well as coaxial input and 
output shafts: the entire mechanism 
is contained in a closed envelope of | 
in. diam x 174 in. length. The clutch 
housing has provisions for flange or 
servo mountings and is designed to 
transmit a minimum of 10 in.-lb of 
torque at the fast response time of ] 
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Even when set at an illogical, illegible angle, 
Beckman Expanded Scale Voltmeters read 


at a Glance 


BECKMAN EXPANDED SCALE VOLTMETERS always 
read billboard-clear, even when the 
installation’s angular, tangular, bothersome 

or bewildering. Needle position tells 

all—you don’t have to read the fine type. 


HOW COME? The meter’s selective : non-essential parts of 
the scale have been eliminated, and the 
useful portion expanded. And so we bid farewell 
to crowded divisions at one end of the scale. 
Instead, meet real easy reading. 

AC OR DC? Either. Also, they’re as small as 212” dia., as 
accurate as 0.3% of center-scale voltage. 
Resolution’s as high as 0.1 volt. 

HOW MANY MODELS? The 126 standard models—available 
in commercial and military versions —are 
for panel installations in ground power facilities, 
test equipment and aircraft. On special order, 
meters can be adapted for non-standard voltage 
ranges, scales, accuracies, shapes and sizes. 


WANT MORE? Write for data file 104J. 


/ 


a ri as ali : 
Beckman’) New port Beach, California 
/ Helipot A division of 


| Corporation Beckman Instruments, Inc. 
Engineering representatives 


in principal cities 
1172 
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millisec. The rate of index is one 
revolution or one half revolution, ew or 
cew shaft rotation. 

A control or energizing lever, which 
engages the clutch, is projected outside 
the cylindrical envelope. The force to 
move this lever into engagement is 
carefully calibrated and very small, in 
the order of 2 to 4 oz. Since the trans- 
mitted torque of the clutch and the 
energizing force are known, the ampli- 
fication ratio of the clutch can be 
calculated. The clutch is designed with 
minimum amounts of inertia, allowing 
high shaft speeds and high speed puls- 
ing. 

Typical applications are in automatic 
control (remote positioning), data 
processing (stepping of tape), comput- 
ing machinery (one revolution device). 
servo system, and instrument and auto- 
matic machinery (positioning and one 
revolution cycle). Digitronics Corp.. 
Albertson Ave., Albertson, L. I... N. Y. 
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TINY INDICATOR SWITCH 


Projecting less than 1 in. behind the 
panel, the Pan-i-Lite switch has a 
maximum diameter of 5 in., and up 
to 225 can be mounted in a square 
foot. Designed primarily for pulsing 
remote controlled relays and indicating 
their operation, the switch is suitable 
for a variety of low voltage indicating 
and switching applications. The push- 





button bulb-lens assembly is designed 
for quick replacement from the front 
of the panel. Available in 3 operating 
voltages—6, 12 and 28 volts plus 5 
colors—blue, red, green, white and 
yellow. 

Although tiny in size, Pan-i-Lite gives 
an indication that can be seen at 180 
deg and unusual distances. A_ tiny 
bulb is located high in the lens cap so 
that the bulb filaments are above the 
surface of a panel. Magnifying lenses 
and refracting devices are unnecessary. 

The switch can be wired as a mo- 
mentary contact pushbutton style in- 
dicating switch or as a_press-to-test 
indicating light. The assembly is pro- 
vided with five external terminals, four 
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Rollpin replaces 12 different fasteners 


we 


o@ 


REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a stop pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rollpin functions 
perfectly . . . cuts assembly 


REPLACING A KEY. . . Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 
previous assemblies. 


REPLACING A RIVET SHAFT... 
Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary . . . faster as- 
sembly. Note flush, clean fit. 


REPLACING ACOTTER PIN... 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 


REPLACING A SET SCREW. . . to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal. 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool. 


REPLACING TAPER PINS . . . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 


REPLACING A HEADED PIN ... in 
this hinge pin application, 
Rollpin is simply and inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con- 
stant spring tension holds 
Rollpin firmly in place .. . 
eliminates loosening of hinge 
due to wear. 


REPLACING A HUB ONAGEAR... 
Rollpin, self-retained in shaft, 
is simply snapped into mold- 
ed slot to position sintered 
gear. This application, by an 
office equipment manufac- 
turer, effects major savings in 
assembly. Rollpin’s high shear 
strength is particularly valu- 
able here. 


REPLACING A DOWEL PIN... 
Rollpin is used here to pre- 
vent rotation of a thrust bear- 
ing. No reaming, no special 
locking. Easily removed. 
Lowest possible dowel pin 


REPLACING A BOLT AND NUT... 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require- 
ments. 


REPLACING A RIVET... Rollpin 
serves as guide shaft for 
spring-loaded electrical inter- 
lock contacts: This electrical 
equipment manufacturer re- 
ports that rivet failure pre- 
viously occurred at the 
clinched end under normal 
operating impact and vibra- 
tion. 


WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 


= 


Rollpin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 
of industry. 

Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA, 
2330 Vauxhall Road, Dept.R47-922,Union, New Jersey. 


ELASTIC STOP NUT CORPORATION OF AMERICA ~ 24 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 
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“We needed a dependable 
geared synchronous motor 
for accurate chart drive 


on our Monitorecord’’ 


TYPE DYAZ 


Sheffield Corporation, Dayton, Ohio 


The new “Monitorecord” by Sheffield Corporation, Dayton, Ohio, 
times and records simultaneous and sequential operational events 
of automatic machines and devices. Capable of monitoring up to 
14 separate operations simultaneously, this instrument provides 
a split-second recording of each operation as the equipment starts, 
runs, and stops. Scribed time lines appear on a strip chart. To 
accurately drive this chart, Sheffield Corporation selected the 
Barber-Colman DYAZ geared synchronous motor. “Plus” features 
of this geared motor include double-supported gear shafts with 
sintered bronze bearings . . . extra large oil wicks . . . helical pinion 
and gear in first step . . . heavy-duty gears and output shaft. If you 
have a design problem involving small motors, let Barber-Colman 
Company engineers help you solve it with the exact motor for 
the job. 


FREE HELPFUL DATA SERVICE on the complete line of Barber-Colman small motors, which includes 
unidirectional, synchronous, and reversible motors up to 1/20 hp. With or without reduction gearing 
. » « Open or enclosed types. Expert engineering service available. Write today, outline your problem, 
ask for free data sheets and Catalog F-4271, or see Sweet's Product Design File. 
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REVERSIBLE SYNCHRONOUS GEARED UNIDIRECTIONAL 


BARBER-COLMAN COMPANY 
Dept. V, 1203 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls * Industrial Instruments * Aircraft Controls 
Electrical Comnonents * Air Distribution Products * Overdoors and Operators 
Molded Products * Metal Cutting lools * Machine Tools * Teytile Machinery 
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of which are tabs; the other is a 12 
in. lead of #28 stranded wire. Alden 
Products Co.. 117 North Main St., 
Brockton. Mass. 


Circle No. 527, Reader Inquiry Service Cards 
on page 17 


IMPROVED MINIATURE 
TWIN TRIODE 


Type 7062 miniature twin-triode with 
separate cathodes has been designed as 
an improved plug-in replacement for 
the older Type 5965 in most computer 
applications. 

Manufactured to close tolerances, it 
operates at a reduced heater current 
of 400 ma as compared with 450 ma 





for the 5965. A longer glass envelope 
reduces tube operating temperature and 
assures more reliable operation. Life 
tests have proven the ability of Type 
7062 to maintain its characteristics 
over long periods of operation. Am- 
perex Electronic Corp., 230 Duffy Ave- 
nue, Hicksville, L.I., N.Y. 


Circle No. 528, Reader Inquiry Service Cards 
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FAST-CURING PHENOLIC 
MOLDING MATERIAL 


\ fast curing, two-step phenolic mold- 
ing material, designated BMM-7000 
Black 25, has provided significant re- 
ductions in cure time, compared with 
the fastest one-step and two-step 
phenolic molding material presently 
available. BMM-7000 is a woodflour 
filled compound for use in general- 
purpose moldings, particularly  elec- 
trical components. Its physical and 
electrical properties are comparable 
with those of other general-purpose 
phenolic molding materials. It has good 
appearance, good mold release, free- 
dom from mold staining, low specific 
gravity, low’ shrinkage and _ good 
molding latitude. 

Developed specifically for use in 
cold-powder automatic molding, _ it 
may be used in most types of molding 


ELECTRICAL MANUFACTURING 








EVERY TYPE—EVERY USE 
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Ball Bearings 


Cylindrical Roller Bearings 
® ts Spherical Roller Bearings 


Tapered Roller Bearings (Tyson )j 


7762 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


"Whe. WoSt Siler rolling Corvtact bearing in the. worl of Today 
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equipment. Most plasticity grades are 
supplied in special low fines granula- 
tions and, because of the low fines 
content, can be preheated on standard 
equipment. Curing speed increases with 
increasing mold temperature, as meas- 
ured by minimum blister-free time in 
cold-powder compression molding. Lab- 
oratory tests indicate that cure 
| speed of BMM-7000 surpasses that of 
other two-step materials tested at all 
mold temperatures. At 365 F, it equals 
| a fast-curing one-step material, but 
| at lower temperatures BMM-7000 is 
more rigid. 

At a mold temperature of 335 F, the 
modulus of elasticity of BMM-7000 is 
50,000 psi at a cure time of 50 sec. To 
provide the same rigidity, a typical 
one-step material would have to cure 
for 75 sec, a 50 per cent increase. A 
typical two-step material requires al- 
most 100 sec, a 100 per cent increase 
* | in cure time. The material retains mold 
details well and permits fast mold 
closing speeds. Molded products are 
free from sink marks usually associated 
with fast mold closing materials. 
Bakelite Co., Div. of Union Carbide 
| Corp., 260 Madison Ave.. New York 
| 36, NY. 
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| LIMIT STOP ASSEMBLY 


A rotating shaft within the assembly 


. having an axially moving nut is carried 

“a complete data file in two miniature sealed ball bearings, 
- . and is assembled with minimum end 

for electronic designers clearance or play. Adjusting screws are 
concerned with — included in the sliding nut to strike the 


detent of the limit switches. Mechani- 
cal stops can also be included to pro- 


RE SUPPRESSION! tect the potentiometer (or driven 





Here’s a new METEX data file that’s just bulging with 
important information for designers. This folder contains 
individual data sheets plus a big, illustrated, 16-page, two- 
color bulletin on the suppression of radio interference. 


Get your free copy of this valuable, informative, fact-filled 
folder today. Just fill in and mail the coupon below for 








complete data. 


member), in the event the electrical 


METAL TEXTILE CORPORATION stop or circuit fails. The mechanical 


. oe stops can be adjusted to any position 
Electronics Division Roselle, N. J. or number of turns from zero to 10. The 


Gentlemen: electrical stop settings can be set from 
eae either end to any number of turns, 10 

Please send me your fact-filled METEX data file today. op ees 
The basic configuration is intended 





aE 


Name_ e : 
for a 10-turn potentiometer, and has 
Address 2 a servo mount pilot and clamping shaft. 
. x ; : The driving end of the assembly is 
7-239 City Zone State - provided with a 1/8 in. shaft. A gear 


228 Circle 220 on page 17 ELECTRICAL MANUFACTURING 








LIMBERING UP LUMBER-HANDLING WITH 


CY PAK 


by putting memory into the carriage conveyor system 
at Lutcher & Moore’s Orange, Texas Mill 


CYPAK* static controls—outliving conventional 

relays 15 times over—are now being used at Lutcher & 
Moore’s Orange, Texas Mill to control resaw conveyors on ee 
the lumber industry’s first aluminum log carriage. 






















By putting memory into the carriage conveyor system, CYPAK 
automatically and unerringly separates waste from ; 
good boards, diverts slabs to the chipper, automatically 4 
sorts and grades, and returns boards requiring another cut 
back to the saw. Result: a faster, more efficient 

operation . . . substantial savings in materials handling... 
greater utilization of raw materials. 

For complete information about the ways CYPAK can 
benefit you, call your Westinghouse sales engineer. 

Or, write Westinghouse Electric Corporation, 

Box 868, Pittsburgh 30, Pennsylvania. _J-22063 


you CAN BE SURE...iF ITS 


Westinghouse ’ 





*Trade-mark 


Be namic tibialis 
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CUSTOM-DESIGNED 
SOLENOIDS 
Ee ea | 


The line consists of 17 models to 
provide 34 widely differing specifi- 
cations .. . delivery can be made 
within 24 hours of receipt of order 

specifications include: pull 
and/or push capacities up to 45 


Ibs., ... sizes from %”x 1” to 
3”x 3”... stroke lengths fractional 
to 2”. 

All solenoids are built to rigid 


standards of highest custom qual- 
ity. Double shading coils provide 
high sealed pull without excessive 
AC hum. Electrical characteris- 
tics are thoroughly uniform. Units 
are compactly engineered to ex- 
tremely close tolerances. Rugged 
construction provides long service- 
life under the most strenuous con- 
ditions. 


All solenoids in the line can be 
supplied in any quantity from 
single units to long-run cost- 
saving production orders. 







Request complete 
information. Ask 
for catalog. 
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3424 N. Milwaukee Avenue, Chicago 41, Illinois 


ease Few” FF 


can be placed over this shaft and the 
assembly coupled to a mechanical or 
‘lectrical device to provide a coordi- 
with the device being 


nated rotation 


controlled. The mounting end of the 


limit stop assembly is provided with 
either servo or flange mounting. Di- 
mensions of the assembly are 1 13/16 


1 5/16 in. diam flatted to 


in. long by 


3/4 in. United Hydraulics, Inc., 110 
Terrel Court. Dayton 7, Ohio. 
Circle No. 530, Reader Inquiry Service Cards 
on page 17 


RACEWAY WITH SELF- 
LOCKING SLOTS 


Designed to control panel 
Panel Chanel line of 


Lok-Slot 


simplify 
in the 
the 


assembly 


raceways Is raceway. 


molded of a tough, lightweight pheno- 
lic. It 
high control 
can be installed without special tools 
or hardware. There are no metal parts. 

Lok-Slot accepts wires readily, yet 
they 


normally 
panel temperatures and 


will not warp under 


holds them securely while are 





being connected. Because the raceway 


eliminates wire bundling and lacing 
operations, it reduces production time 


and work. The Lok-Slot offers 


the advantage of not requiring thread 


style 


ing of the wires through the raceway 
Wires 
nectors attached are put in place by 
Brothers. 
316 Maple St., Belding, Mich. 


Circle No. 531, Reader Inquiry Service Cards 
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openings. with solderless con- 
one simple motion. Stahlin 


SENSITIVE MICRO- 
MICROAMMETERS 


Control or alarm circuits can be actu- 
ated by Models 410-C and 411-C micro- 
The 
upper-limit meter-relays replacing the 
panel meters, so that the contact carried 
on the indicating pointer will close a 


microammeters, instruments have 















Heyco Nylon 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 
your housing... 








no need for grommets, 
wire knots or costly 


Send for samples to fit your wire, today! 


HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


5 


HEY MAN! 


..-SAY HEYMAN 
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Arc resistance of TEFLON® 
resins helps reduce 
generator maintenance 


Heavy-duty parts of compounded TEFLON® 


tetrafluoroethylene resins 


show no wear after 500,000 operating cycles 


Outstanding success with insulators of 
a Du Pont TEFLON tetrafluoroethylene 
resin is reported by the Locomotive and 
Car Equipment Department of General 
Electric. Used on the brush-holder sup- 
ports of G-E railroad-type generators, 
these insulator sleeves have performed 
successfully in high-speed freight-train 
service for more than a year. 

Chief advantage of these sleeves is 
their resistance to arcing. Repeated 
flashovers, unavoidable in railroad serv- 
ice, have little effect on TEFLON resins 
—while former insulators blistered. The 
new protective sleeves tend to be self- 
cleaning, too, thanks to the vaporiza- 
tion of a microfilm of the TEFLON 
resin in the region of the arc, which 
provides a clean, new surface after each 
flashover. Maintenance has been sim- 
plified, and costs have been reduced. 





a M 6. ~ 

CAM FOLLOWERS of compounded TEFLON 1 are 
used in switches to control the slowing down 
of elevators and, as illustrated, to activate 
door-opening mechanisms. The compounded 


TEFLON Shows no measurable wear after 
500,000 operations: (Material is trademarked 
Ruton by Dixon Corp., Bristol, R. 1.; parts 
made for Otis Elevator Co., New York, N. Y.) 


Du Pont TEFLON resins are used in 
heavy-duty electrical mechanisms 
because of their combination of ex- 
cellent insulating properties and 
toughness. Cam followers of com- 
pounded TEFLON 1, for instance, 
have excellent abrasion resistance. 
They are also much quieter in opera- 
tion than any other materials tested. 


peratures up to 500°F. Power factor 
is less than 0.0003 from 60 cycles to 
3,000 megacycles. Surface resistivity 
is greater than 10" ohms, even at 
100% relative humidity. TEFLON 
resins have superior arc resistance 
and high dielectric strength. 


* * 








BRUSH-HOLDER SLEEVES Of a2 TEFLON resin 
used in G-E motor-generator have long service 
life. Du Pont TeFLon tetrafluoroethylene resins 
possess high short-time dielectric strength, 
ranging from 1,000 to 2,000 voits per mil. 


Wherever critical requirements are 
encountered in electrical machinery, 
TEFLON resins can be an aid in de- 
sign. TEFLON tetrafluoroethylene 
resins are rated for operation at tem- 


IT MAY PAY YOU to investigate the 
use Of TEFLON resins for the electri- 
cal components or machine parts you 
manufacture. Simply mail the cou- 
pon below. 





TEFLON® 


is a registeredtrademark... 


TEFLON is Du Pont’s registered trade- 
mark for its fluorocarbon resins, in- 
cluding the tetrafluoroethylene resins 
discussed herein. This registered 
trademark should not be used as an 


E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 
Room 1510, Du Pont Building, Wilmington 98, Delaware 


SEND FOR 
INFORMATION 


Please send me more information on Du Pont TEFLON 
tetrafluoroethylene resins. I am interested in evaluating this 
material for 


: ; Name 
and application data on 


Company Positio 
“stor =. Du Pont TEFLON tetra- re _— 
adjective to describe any product, nor fl wiens t il Street 
should it be used in whole, or in part, SOROS FOSS, TS Cin S 
fal 
as a trademark for a product of an- this coupon. si 


! 
| 
| 
| 
| 

i 

For additional property | 

| 

| 

Bsc 

other concern. | Type of Busine 
i 
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In Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 660, Montreal, Quebe 





P«B PROGRESS/ 


NEW! INGENIOUS IMPULSE LATCHING RELAY 


NOW! TWO-COIL PERFORMANCE 
AT SINGLE COIL COST! 


This new series, the PC, is an ingenious impulse latching relay which employs a 
single coil and armature to activate an insulated rocker arm. Switching is positive, 
fast (30 milliseconds). 

Its low cost, dependability and versatility make it ideal for a wide range of uses. 
For example, two leading TV set manufacturers use the PC in their remote control 
circuits as an “‘off-on”’ switch. It is also used by a maker of automatic garage doors. 
Conveying systems, automatic processing equipment, flow controls—the PC is 
right for these applications and many more. 

Contact arrangements are available up to 4 Form C (4PDT), and the snap-action 
contacts are rated 5 amps. at 115 V. AC resistive. The relay may be ordered open, 
as shown, or in a metal dust cover. 

Write or wire today for complete information. 


SERIES 


POTTER & Uae INC., PRINCETON, DT ULE OF AMERICAN MACHINE & FOUNDRY COMPANY 


se 
— 





slave relay circuit when the current 
rises to the point at which the adjust- 
able contact has been set. Five-amp 
contacts on the SPDT relay are brought 
out through an AN connector on the 
back of the chassis. Low limit or 
double contact meter-relays can be 
supplied. 

Model 410-C measures over ten dec- 






ades from 10° to 107% amp from 
source voltages exceeding 300 mv. 


ale Seanad Model 411-C provides zero stability, 
25" —%%" DIA. (2) HOLES ~ covers eight decades from 10° to 107}! 
2314,” amp, and operates from voltage sources 


over 10 volts. Input drop is less than 


2%" MAXIMUM WIDTH 5 mv on both models. The instruments 


are available for relay rack mounting 































hx. or with end frames for bench use. 
oe Other features of the micro-micro- 


X 
— : 
ammeters include a 216 volt tap for 


PC SERIES ENGINEERING DATA polarizing ion chambers, an output to 


drive either 50 mv or 5 ma recorders, 


GENERAL: Description: Single coil, impulse latching relay. and simple operating controls. Keithley 
Insulating Material: Laminated Phenolic. Instruments, Inc., 12415 Euclid Ave., 
Insulation Resistance: 1500 megs. min. Cleveland 6, Ohio. 

Breakdown Voltage: 500 V. RMS. Circle No. 532, Reader tnewiry Service Cards 
Ambient Temperature: —55° C. to +85° C, meer 


Weight: 5 ozs. (open) 


Pull-In: DC, 75% t f ial 

— OSCILLOSCOPE PREAMPLIFIER 
Operate: 30 MS. ; 
Terminals: Pierced Solder Lugs Model SPR-100 increases the sensi- 
Coil: Two #20 AWG Wires tivity of oscilloscopes by 40 db. Al- 
Contacts: One #20 AWG Wire though primarily designed for use 
Enclosures: “‘A" Can. . with the company’s Models 95 and 220 
CONTACTS: Arrangements: 4 Form C. max. (4PDT) wide-band sweep generators, the unit 
Material: Ye” dia. Silver Cadmium oxide gold flashed. can be used with other sweep gene- 
Load: 5 amp. @ 115 V. AC resistive. rators and oscilloscopes. Applications 

Pressure: 20 grms. min. ire: measurement of passive networks 
COIL: Resistance: .016 to 34,500 max. 500 ke to 250 mc: vswr measurements. 


Power: DC, 9 watts. ; 
AC, 18.4 Volt Amps. at nominal voltage. 
Duty: Intermittant. 
Insulation: Cellulose acetate wrap; varnish impregnated (open). 


MOUNTINGS: Two %” dia. holes on 25%” center. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 
ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


Potter & Breumdield, ine. 


PRINCETON, INDIANA 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 


Mail the coupon below for further engineering data on P&B's new PC Series 
relays plus new compact catalog of standard type relays. If you need answers 
to a specific application problem, write in detail. 





using the high-pass filter—500 ke to 


Potter & Brumfield, Inc., Princeton, Indiana 250 mec; insertion and control of 
’ o ° . . . . 

Attn: T. B. White, Brig. Gen. USMC (Ret.) marker signals; and increasing oscillo- 
Special Projects Engineer scope gain for presentation of high- 


loss networks. 


Please send me complete data on the new PC Series relays, Features are: the built-in detector 


lus the new compact catalog of P&B st i ae , f 
Pp p 9 standard relays exhibits a flat frequency response from 





Name 500 ke to 250 me with a vswr of less 
than 1.80 into 50 ohms impedance; 
Company. the marker amplifier has two inputs 





and a gain control for setting the 
Address. 





—_—_——. degree of marker signal on the re- 
sponse. The response of the marker 





City Zone. State os ce ee amplifier reduces the 1-f components 


See our catalog in Sweet's Product Design File that would normally cause distortion 


of the response curve at high marker 
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magnet 


armature 
coil 


True — there’s a bit more to a Stearns electro-magnetic 
Clutch than you see here. BUT BASICALLY — this is 
it! No moving parts except friction linings. Compact, for 
simple installation. Low inertia to the driven end — as the 
driven member carries only the friction elements. 


CHECK THESE FEATURES... 


% AUTOMATIC OR MANUAL CONTROL. 
Push buttons or electric eye provide unlimited clutch appli- 
cation for controlling a machine and its source of power. 


% LONG, EFFICIENT LIFE. 
No metal-to-metal contact — the only wear is on the oversize 
friction linings, and lining wear increases rather than decreases 
torque. Low, even pressure over a large area eliminates fre- 
quent adjustment, and costly maintenance. 


% SMOOTH ACTION — LOW INERTIA. 
When electrical contact is closed, clutch is energized — pick- 
ing up load with practically no jerk or jar to the coupled 
machinery. 


% WIDE TORQUE RANGE. 0.4 to 120,000 Ib ft 
— from business machines to ball mills and larger. Well over 
100 standard clutch and clutch brake combinations, or custom- 
designed units to match your machines. 


% SIMPLE INSTALLATION — QUICK, EASY ADJUSTMENT. 
Compact, simple design permits fast, easy installation. Arma- 
ture is threaded in clutch cage, permitting you to compensate 
for wear in minutes . Many users report “not one cent of main- 
tenance” — even in heavy round-the-clock operations where 
abrasive atmospheric conditions exist. Quiet, cool-running. 














































































































Call your local Stearns representative — or write for complete 
Clutch Bulletin No. 226EE. 
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ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 
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gain settings: the amplifier has a 
minimum gain of 40 db (100X) across 
a flat response from 10 eps to 25.000 
cps; 60 cycle square wave response of 
cent tilt. while the hum and_ noise 
output is less than 5 mv: maximum 
input signal required for a 1.1 signal- 


the amplifier contains less than 2 per 


to-noise ratio is less than 50 pvolts. and 
maximum undistorted output is 5 volts 
into 100.000 ohms or higher. Jerrold 
Electronics Corp., 23rd and Chestnut 
Sts.. Philadelphia 3, Pa. 
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XENON-FILLED THYRATRON 


Designated as the NL-5665/C16J, the 
tube is Xenon-filled for quick starting 
and wide temperature limits and is 
designed for motor speed control, re- 
sistance welder control, and incandes- 
cent light control. Ratings are: filament 





volts, 2.5; filament current, 31 amp: 


maximum peak inverse volts, 1250: 
maximum peak forward volts, 1000: 
average anode current, 18 amp; peak 
anode amperes, 100 amp: anode cur- 
rent averaging time, 4.5 sec; and 
filament heating time. 60 sec. National 
Electronics, Inc., Geneva. [linois. 
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SMALL RECHARGEABLE 
NICKEL-CADMIUM BATTERY 


Developed specifically for miniature 
and subminiaturized electrical and elec- 
tronic applications, these button cells 
feature rechargeability; hermetic seal- 
ing; no maintenance; non-gassing upon 
recharging: and low internal resistance 
which allows high discharge. Industrial 


ELECTRICAL 





MANUFACTURING 








Engineered by Tinnerman... 


On the assembly line...and in the field 
plug-in SPEED CLIPS*simplify rectifier installation 


At General Electric, two variations on a single 
SpEED Nut® principle are being used to make 
things easier for production-line assemblers and 
for electronics servicemen. 

The basic idea of the Tinnerman front-mounting 
SPEED CLIP is incorporated into the sockets of 
GE germanium rectifiers made by GE’s Semi- 
conductor Products Department, Syracuse, for 
industrial electronics applications. 

On the TV production line, the Tinnerman 
SPEED C.iip permits rapid, tight, and simple 
installation of rectifiers. In the field, merely by 
unplugging the original equipment rectifier and 
plugging in its germanium replacement, the 
serviceman can quickly get a unit back in service. 

Working together, General Electric and 
Tinnerman engineers developed the two types 
of Sprep Nut parts that are fabricated right into 
the rectifier shells. 

Unusual applications of the SPEED Nut prin- 
ciples to scores of different products are developed 
every day at Tinnerman. That’s why over 9,000 
different forms of SpeED Nut Brand Fasteners 


have been designed for all leading manufacturers. 
Your fastener problem can probably be solved 

quickly by a call to your Tinnerman sales repre- 

sentative. If his name isn’t in your telephone 

directory, write to: 

TINNERMAN PRODUCTS, INC. 

Dept.12 » P.O. Box 6688 ° Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario, GREAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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NEW 


CSOLENOIS 


NOW A COMPLETE 
LINE OF 10 TYPES SOC 
“D” SERIES EM: 


Anderson continues to 










maintain its leadership 
in the SOLENOID field 
by adding seven new 
types of ‘‘D"’ Series 


Solenoids. 





Now there is an ANDERSON 
SOLENOID for your require- 
ments compact, rugged, 
efficient . . . delivery from stock 


on standard models. 


Custom types available 


quickly .. . write. 


We invite your inquiry 


Send for 
\ our NEW 
Catalog 
TODAY! 


SOLENOIDS - COILS - ELECTRICAL COMPONENTS 


. anderson controls, inc. 


General Offices: 2777 Mannheim Road bes Plaines. til. 


Phone: VAnderbilt 4-3147 Factories: Des Plaines and Woodstock, Illinois 
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applications are in the aircraft missile 
field for 


apd emergency 


testing, telemetering, radio. 


lighting. In the elec- 
tronics field, equipment such as instru- 


ments and recorders can be made 


portable, and automatic recharging 


devices for the cells can be built in 
easily. 
Operating at normal temperature 


ranges, the cells are available in the 
0.25 ma hour size and the 0.5 ma hour 
size, each with a nominal voltage ot 
1.2 volts. The cells are of the nickel- 
cadmium and are built with 
sintered plates. Two or more cells can 


type 


be stacked to obtain a battery of any 
desired voltage. 

The cells are recharged by a constant 
current equal to 43 of their nominal 
capacity. It requires 15 hr to recharge 
the VO 0.25 after discharge of the 
unit, and 13 hr to recharge the VO 0.5. 
For short periods of time, current up to 
15 times the nominal value of the cell 
can be withdrawn. The VO 0.25 pro- 
vides 250 ma hr of energy and is %¢ in. 
in diam and “4¢ in. thick. It weighs 
approximately 4% oz. The VO 0.5 pro- 
vides 500 ma hr of energy and is 1%% 
in. in diam and %g¢ in. thick. It weighs 
approximately °4 oz. Gulton Industries. 
Inc., 212 Durham Ave., Metuchen, N. J. 
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BI-DIRECTIONAL 
STEPPING MOTOR 


Designated this _ bi- 
motor translates 
pulses to incremental shaft positions 
and is 


ometers, 


Syncramental, 
directional stepping 


used for rotation of potenti 
rotary 
control mechanisms. 


The 
clutch. 


counters, switches and 


features a 
than 


motor magnetic 


ratchets, to index 


Ne, 


rather 






I 





the shaft. The clutch and detent mech- 
anism are mounted between two rotary 
solenoids whose armature plates face 
each other. The clutch rotates with 
one or the other of the energized arma- 
tures to which it has been magnetically 
attracted, causing shaft rotation. Sole- 


ELECTRICAL MANUFACTURING 





HERE’S WHY 
taytor Cu-246 
COPPER-CLAD 
LAMINATE 

CAN GIVE YOU 
BETTER 

PRINTED CIRCUITS 


good mechanical and electrical 
stability over wide humidity 
range 


ready punchability . . . can be 
cold punched and cold sheared 
up to Ye" thickness 

resists all commonly used 
solvents 

good insulation resistance .. . 


has excellent surface resistivity 
after etching 


TAYLOR FIBRE CO., PLANTS IN NORRISTOWN, PA. AND LA VERNE, CALIFORNIA 


INTEGRATED MANUFACTURER & FABRICATOR OF 
Phenolic—Melamine—Silicone—Epoxy—Copper-Clad and 


Combination Laminates * Vulcanized Fibre 


OCTOBER 1957 


Taylor’s New 


Copper-Clad Laminate 


Cu-246 


for volume users of printed circuits 


Now available for volume production of printed circuits, the new 
Taylor Grade Cu-246 copper-clad laminate is the result of two 
years of research and field testing. 


The base material is a translucent paper base grade with a 
special phenolic type resin formulated to be well balanced in 
electrical and mechanical properties to meet the varied solvent 
resistance and process requirements encountered in printed 
wiring production. 


High purity rolled copper is again used in this new printed 
circuit material assuring you of the consistently dependable per- 
formance found in the other printed circuit laminates being pro- 
duced by Taylor. Rolled copper has no lead inclusions and is 
free of pits, pinholes and other imperfections. 


The rolled copper surface is adaptable for silk screening, offset 
printing or photoengraving processing . . . also for semi-precious 
and precious metal plating, with a minimum of preparation. 
Cu-246 is available in all standard sheet sizes . . . special sizes 
supplied on request . . . in thicknesses from .020” to .250”... 
with copper on one or both sides. 


You'll get the same dependable performance from Taylor Cu-246 
as you have from other laminates in the list of Taylor materials. 
For more detailed information on Taylor Cu-246 . . . for a dis- 
cussion on how this new copper-clad laminate can help you 
make better printed circuits at lower cost . . . contact your 
nearest l'aylor sales office. 
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Laminated Plastics 
Vulcanized Fibre 
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FUSED QUARTZ—FUSED SILICA noid de-energizing returns the armature 
DATA FILE to its original position, while the clutch 


and shaft are held in displaced position 


by the detent. An advantage of this 
drive is a reduction in shaft overcoast. 
The clutch surfaces provide a braking 
action at the end of each step for 
higher inertia loads. G. H. Leland, 
Inc.. 123 Webster St.. Dayton 2, Ohio. 
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Be Me a Aa Re odin Moaadd 


MICRO-MINIATURE 
WIRE-WOUND RESISTORS 


Designated RS-1A, the smaller resistor 


Meo x Soo in. with a resistance range 


CENTER FOR HIGH-PURITY FUSED QUARTZ whet allan Beppo 


on tolerance specified. It is powered 


The Amersil processes for producing and fabricating fused at 1 watt at 25 C, derating to 0 at 


quartz and silicaware of critical purity, simplify your prob- 275 C. RS-1B is the larger of the two 
lems in securing the precise laboratory or industrial equip- micro-miniature resistors: !*42 ; j 
ment recuired for your production. 

Standard apparatus, crucibles, trays, cylindrical contain- 
ers in @ complete range of sizes and tubing (up to 25” 
diam.) are available for early delivery. Amersil engineers 
are available to assist in developing special equipment to 
individual requirements. Your inquiry is invited. * * 


is 


This resistor has a resistance range of 


ROTOSKL 
OPTOSIL 


HOMOSIL AMERSIL 


FUSED SILICA 
ULTRASIL COMPANY, INC. 


AND QUARTZ 


685 RAMSEY AVE., HILLSIDE 5, NEW JERSEY 


ENCELHARD IM DUS TRAE Ss 
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1 ohm to 10.000 ohms, depending on 
tolerance specified. It is powered at 
1 watt at 50 C., derating to 0 at 275 C. 

Both resistors are available in toler- 
ances of 0.05 per cent, 0.1 per cent, 
0.25 per cent. 0.5 per cent, 1 per cent 
and 3 per cent. They are coated with 
a silicone compound that provides good 


SNAPPER dielectric properties and offers protec- 
GLASS RELAYS 


tion against thermal shock, humidity, 
—for commercial ap Pee ee ter i | 
plications, single Ae ee Dd 


salt laden air. Dale Products, Inc., 


FOR 
oo 1306 28th Ave., Columbus, Neb. 
ya S . POSITIVE Circle No. 537, Reader Inquiry Service Cards 
SS on page 17 
CONTROLLED ACTION 
PUNCHED CARD READER 


ens Specify the Curtiss-Wright “SNAPPER” — his punched card reader is @ simpli. 


erat rs fied circuit switching device that pro- 


—custom-designed to Thermal Time Delay Relay vides a substitute for patch cord panel 


fit complex require . 2 . tele ° i ee 
ments for contro systems used in the changing of circuit 


Eur Dependable “SNAPPER” Thermal Relays by Curtiss- connections at random intervals. It 
Wright provide unfailing snap action in countless electrical features a molded block with 400 
circuit applications involving time delay. In every control floating contacts passing from one face 
phase, “Snapper” Relays eliminate chatter, have single-pole 
double throw contact and a wide temperature range (—65°C 

} + 100°C). Preset time delays from 3 seconds to 3 minutes HN, 
’ , ) are now available in metal envelope and from 5 to 60 seconds es 
\ : in glass envelope. Write for our new detailed data sheet 
l os with complete application information. 


MEMORY oO 
tae Ne 
ELECTRONICS DIVISION 


thermolly operated 


Component 
bi-stable time deloy 
" felays with two sep Sales ALT ig 
orate heater circuits Department 


CORPORATION + CARLSTADT, WN. J 
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Your choice of normal 


or low starting current... 
with Performance-Rated 


HIGH TORQUE, 
SINGLE-PHASE MOTORS 


Even if you have severe starting current limitations, you 
can select the torque you need for sure starts and smooth 
pull-up to speed from the Century Performance-Rated 
Single-Phase line (see bar chart below for operating 


characteristics of two types of Century Single-Phase Motors). 


Whatever Your Motor Job... there’s a Century Motor 
Capacitor Motors...% to 20 H.P. provide high 


starting torque, high pull-up torque and require Performance-Rated to handle it with top effectiveness. 
normal starting current. They are available in drip ’ 7 
proof, dust proof and explosion proof enclosures. Contact your nearby Century branch office or 


Authorized Distributor. 


Repulsion-Start Type-- % of full load 


(Least Torque Avaliable Between Start and Full Lead Speed) 
Capacitor Type of full load 


Repulsion Start, Induction Motors (type RS)...% to 7% H.P. provide very high 
starting torque, yet require unusually low starting current. They are available in drip 
proof and splash proof enclosures. 


© 

Performance- Rated 
Motors 

Ye to 400 H.P. 


CI 
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to the other. This block is sandwiched 
5 SSSR ERA UES 
ing strip conductors in various grill- 
AN OPPORTUNITY AND A CHALLENGE like formations. The contacts make 
FOR COMPONENT AND SYSTEMS DESIGNERS connections between groups of con- 
cAI RI i LN RR Re ductors on one of these boards to other 
groups on the other, except where a 
card comes between an_ insulation. 
SIMPLIFY AND INCREASE Perforations in the card permit con- 
nections to be made where desired, 
SYSTEM RELIABILITY and to be changed by substituting a 
new card. 


BY DESIGNING TO CHARACTERISTICS OF Rg 3 card i ianeetod én - 
siot at the top anc 1e lever closed. 
LOW IMPEDANCE A-C DIFFERENTIAL TRANSFORMERS Safety . 


features include means for in- 

suring that the card is inserted in the 

infinite resolution ¢ no sliding contact nor bearings cornant position, (where ¢ cond is mise- 
ing, no closure is made.) Provision is 

frictionless ¢ unlimited life, nothing to wear out also made so that the circuits are 
disconnected before the contacts are 
opened. This is to be certain that all 


; = circuits are “dead” when closures are 
small, compact, lightweight mali iat aimianal 


temperature stable « high signal to noise ratio 


Ordinary 3 in. x 5 in. cards are 

‘ — ome > sed, c aining > 400 si- 

Recommended for hydraulic EXPERIMENTAL KIT used, containing the 400 hole posi 

, tions, in a 20 by 20 array. The contact 

blocks can be mounted in multiples 

for complicated switching problems, 

motors, pressure, flow, position augmented by larger printed wire 

. . boards. Cinch Mfg. Corp., 1026 S$ 

and level detectors, Atcotran Dif- n mere 4 se 
Rhee Homan Ave., Chicago 24, Il. 
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servo valve feedback, rate gyros. 
accelerometers, hydraulic servo 


ferential Transformers are setting 


of components in existing systems 
by replacement of sliding contact 


pickups. ; PRECISION POTENTIOMETER 
New systems designs incorpo- jl FOR PAD FUNCTIONS 


aise le eae . To enable designers to iliar- . a 
rating the full advantage of in- designers to familiar Screwdriver-adjusted, the “Padohm”’ is 


available in resistance values from 100 
transducers promise outstanding tion of differential transformers to 20,000 ohms, and standard overall 
benefits: in the laboratory, the Atcotran resistance tolerances of +10 per cent 
Be . . . ith standard linearity of +2 per cent 

ibvaeiii ; Differential Transformer Experi- wi Ge a, : 

1) The low impedance charac- P In two types: Type L, rated at 0.25 
watt, derated to 0 power at 105 C., 


herent characteristics of these ize themselves with the applica- 


teristics of differential transform- mental Kit has been made avail- 
ers can reduce or eliminate the able. It contains seven standard 


need for filter circuits. coils of various characteristics, a 


2) Ratio winding techniques flexure plate and clamp, a demod- 


and simple interconnection for ulator and a 32-page HANDBOOK 
algebraic functions frequently containing theory and application 
can be accomplished without in- data on differential transformers. 


termediate components. A $324.00 value spe- 


3) oo a cially priced at only 
) The reliability and precision $189.50 for lah inves. 
of differential transformers makes tigation. 


possible a new order of perform- Start exploring this 
new opportunity now. 
ance. Order your kit today. / 


and Type H, 0.40 watt, derated to 0 
AUTOMATIC TIMING & CONTROLS, INC. power at 135 C. 
Formerly Automatic Temperature Control Co., Inc a “p ” . 
Subsidiary of Safety Industries, Inc. The “Padohm” is suitable for se- 


KING OF PRUSSIA 6, PA. vere ambient conditions of tempera- 
Please send me an Atcotran Differential Transformer ture, moisture, shock and vibration. The 


body material provides for high insula- 
® purchase order No.___ tion as well as high temperature opera- 
. NAME tion. The low temperature-coefficient 


Experimental Kit and invoice $189.50 against our 


i WORLD’S LEADING COMPANY wire winding is on a ceramic form. 
NERS AND MANUFACTURERS Precious-metal contacts are used. A 
OF LOW IMPEDANCE ADDRESS. 


F sitive clutching and _  declutching 
DIFFERENTIAL TRANSFORMERS oon state I 8 8 


mechanism insures release of wiper 
FOREIGN SALES: ATC EXPORT DEPARTMENT, 1505 RACE ST., PHILA. 2, PA. 


at end of travel, and engaging again 
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TV SETS — ‘‘Wire-Wrap" tool makes stable solder- 
less connections. 


CONTROL DEVICES — “Wire-Wrap"' tool speeds COMPUTERS — Connections made with “ 


intricate electrical connection work. Wrap" tool are uniform. 


EVERY DAY MORE SOLDERLESS CONNECTIONS 
ARE MADE WITH KELLER (Uize-(ia® TOOLS 


Five years ago Keller ‘““Wire-Wrap”’ tools began ADVANTAGES 
saving time and materials in the assembly of elec- 
trical connections. The electronic industry was quick 
to see the advantages of a solderless, metal-to- 
metal connection that resisted vibration failure and 
corrosion. Today, ‘“‘Wire-Wrap” tools have made e AIR OR ELECTRIC POWER TOOL —straight 
well over 700 million connections without a reject. or pistol-grip handles. 


WRITE FOR INFORMATIVE BOOKLET 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 


e SPEED—2 seconds total time per connection. 
e NO OPERATOR FATIGUE—“Wire-Wrap’”’ 


tool weighs only one pound. 
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KEY SOURCE FOR 


SMALL MOTORS 


Globe Industries should be your prime source for small, peak 
performance A.C. and D.C. motors for fundamental reasons. 
For instance, the four D.C. motors shown are just a beginning 
—not only can you have them in countless variations, but you 
can add scores of standard spur or planetary gear ratios. Also, 
a wide variety of governors, clutches, brakes and filters are 
available promptly to meet any need you have. All these vari- 
ables are combined by Globe to give you a motor which out- 
performs any other motor of comparable size. 

An interchangeable standard part inventory, coupled with 
precision production techniques to match engineering efficiency 
are specific reasons why you can obtain quality custom built 
prototypes in 2 to 4 weeks. These same methods shorten lead 
time on Globe actuators, timers, rate gyros, blowers, servos. 

Ask the largest D.C. miniature motor manufacturer first. 


Send for your copy of the Globe D.C. motor catalog now. 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio, HE 3741 


STANDARD CHOICES: voitages to 120 V.D.C., output to 1/20 h.p., 129 
spur and planetary gear ratios, geared break away torques to 2500 oz.in., 
many varieties of governors, clutches, brakes, and filters are available. 
The graphs appearing above illustrate typical performances. 
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upon reversal of rotation. Effective 
electrical travel is 98 per cent mini- 
mum of mechanical travel and is ac- 
complished in 25 turns of the screw. 
Mechanical backlash is 44 turn maxi- 
mum. End resistance is 1 per cent of 
maximum of overall resistance. Claro- 
stat Mfg. Co., Inc., Washington St 
Dover, N. H. 
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MAGNETIC CONTACT RELAY 


Model 281, a 10 wamp sealed magnetic 


” 


contract relay. is designed to with- 
stand more than 500 g’s_ vibration 
and will also withstand vibrations of 
5 to 55 eps at 0.060-in. amplitude. 
Insulation resistance is greater than 
1000 megohms. 

Measuring approximately 2 in. x 
134 in. x 1% in., the relay features a 
“contact memory” which, when the 


contacts are closed, holds them closed 
even if the signal falls. They can then 
be separated by a self-contained reset 
mechanism. 

Employing a D’Arsonval movement, 
Model 281 is built to MIL-ORD Od- 
9678 and is available with either single 
or double limits. It can be used for 
either a-c or d-c service. Assembly 
Products. Inc.. Chesterland 14, Ohio. 
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PISTON OR ROD-TYPE 
METALLIC PACKING 


Rodpak, a piston or rod-type metalli: 
packing, uses the principle of pressure 
sealing. A Hycar rubber housing ring 
seats soft metal against the cylinde: 
walls or piston rods forming a close 
seal, reducing friction and increasing 
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AUTO-LITE Magnet Wire Line 
Is complete in all classes 


No matter what your magnet wire need, 
Auto-Lite can fill it quickly, efficiently. 


CLASS O (90°C)—Cotton or paper, manufactured to 
latest NEMA specifications. Availability: Round, 
AWG x4 through #26; Square, AWG #4 through 
*12; Rectangular, width plus thickness not to ex- 
ceed 0.650”. 


CLASS A (105°C) Cotton or paper, when impregnated 
or immersed in liquid dielectric, are Class A insula- 
tions. Conventional enamel with basic physical and 
chemical properties for use as Class A insulation. 
Enamel made in single and heavy grades to latest 
NEMA specifications. Availability: Round, AWG *9 
through *40. 


FORMVAR—A synthetic insulation of vinyl acetal. 
Formvar has better dielectric qualities, higher heat 
resistance, better flexibility and adherence, lower 
power factor and better solvent resistance than con- 
ventional enamel. Manufactured in single and heavy 
grades to latest NEMA specifications. Availability: 
Round, AWG x4 through *40; Square, AWG #4 
through *12; Rectangular, width plus thickness not 
to exceed 0.650”. 


NyALite—Formvar base coat coupled with an over- 
coating of nylon is employed to utilize the best 
properties of each film and improve craze resistance 
and winding properties. An excellent magnet wire 
for winding difficult coils. Availability: Round, AWG 
*8 through #40. 


BondALite— Combination of Formvar insulation plus 
a thermoplastic overcoat. Can be bonded three 
ways: oven heat, electrical resistance or solvents. 
Simplifies manufacture of intricately formed coils. 
BondA Lite *1, single Formvar coating with additional 
bond coating to meet approximate dimension of Heavy 
Formvar. BondALite *2, consists of Heavy Formvar 
with bond coating that brings it up to the approxi- 
mate dimensions of Triple Formvar. BondALite *3, 
consists of Triple Formvar with bond coating that 
meets approximate dimensions of Quadruple Formvar. 
Availability of BondALite Group: AWG #20 to #30. 


AUTO-LITE. 


SodALite—A new polyurethane insulation designed 
for ease of solderability at low temperatures (650- 
700°F) without scratch brushing or chemical strip- 
ping. Electrical and physical properties approach viny] 
acetal insulation. Availability: AWG 8 through #40. 


CLASS B (130°C)—LectALite— Tested and accepted 
in accordance with AIEE 57 (Oct. 1955) and MIL- 
W-19583 thermal aging test. Can be applied to copper, 
aluminum, steel or silver magnet wires. Ideal for small 
electric motors, transformers, and TV yoke coils. 
Extreme resistance to Freon 12 and 22 and low ex- 
tractables make it an outstanding insulation for her- 
metic refrigeration motors. Availability: Round, AWG 
#13 through #30. 


isALite— Underwriter’s Laboratories and Auto-Lite 
tests performed under AIEE 57 indicate this insu- 
lation suitable for use up to 150°C. Polyester type 
enamel (Isonel) has outstanding physical, electrical 
and chemical properties. Availability: Round, AWG 
#8 through #40. 


CLASS H (180 C)—Glass-Dacron—A combination of 
glass and dacron yarns, spirally wrapped over bare or 
film-insulated conductors forms a close, continuous 
covering. Single or double wraps, coated with suitable 
organic or inorganic varnishes and heat cured provide 
excellent bond to conductor and increased abrasion 
resistance. 


QUICK DELIVERY FROM THESE 
PLANTS AND WAREHOUSES 


The Auto-Lite Engineering 
Staff is always ready to help 
you with your wiring problems. 
Please contact us directly or 
by mail for assistance. 


e Port Huron, Michigan, YUkon 5-6131 
e Yonkers, New York, OXford 7-7440 
e Chicago, Illinois, WEbster 9-3144 

e Hazleton, Pa., GLadstone 5-4781 


SEND FOR FOLDER 
The Electric Auto-Lite Company 
Wire and Cable Division 
Port Huron, Michigan 


Please send me Auto-Lite folder on complete line of magnet 
wire products. 


NAME___ 





COMPANY 


ADDRESS _ 


Wow and Coble, DIVISION 


THE ELECTRIC AUTO-LITE COMPANY 
Port Huron, Michigan e Hazieton, Pennsylvania 


CITY 


[rrr 
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CHICAGO STANDARD 
designs and builds both... 


The choice of inductor type depends upon the frequency, the 
inductance, and on the space available in the specific application. 
Toroidal inductors provide a significantly higher Q and lower 
loss in the frequency range above 500 cps. At inductances 
below 10 henries, toroids are relatively small and of low cost. 

Laminated inductors have a higher Q and lower loss where 

frequencies below 500 cps are involved. At high inductances 

they are smaller and cost less than toroids. 

Design engineers at Chicago Standard have extensive specialized 
experience with both toroidal and laminated inductors. In the design 
of Chicago Standard filters, they specify the type which will provide 
the optimum performance, in the smallest space, at the lowest cost. 
Full consideration is given to circuit requirements, characteristics of 
core materials, and physical limitations. 

If you need a stock unit—or a special unit designed to your 
particular application—Chicago Standard can provide the most effi- 


cient solution to your problem. 


CHICAGO STANDARD 


TRANSFORMER CORPORATION 


3506 ADDISON STREET~- CHICAGO 18, ILLINOIS 
Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N. Y. 
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operating efhciency. Fine micro-finished 
parts are not needed to make a good 
seal with Rodpak, thus reducing mann- 
facturing costs. 

The soft metal rings form themselves 
into any irregularities of the walls and 
pistons and create a perfect seal. Rod- 
pak does not require frequent adjust- 


| ment of packing glands or take-up. It 
| has a very low coefficient of friction 
| and it practically eliminates the scoring 
| of rods or of cylinder walls. Remco 


Manufacturing Co., 1006 Lakeville 
Highway, Petaluma, Calif. 
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MOLDED NYLON-GLASS 
VARIABLE SPEED PULLEY 


Model VP-1 variable speed pulley. 
molded of nylon impregnated fiber 


glass. is self-lubricating, has high chem- 


ical resistance. and long-wearing 
qualities. The unit measures 1% in. 
OD with a maximum 15% in. pitch 


diam. It has a range of 214 times and 
a spring-loaded tension, with shaft 
bores of 14 in., 46 in. and 3% in. Weight 
is less than 3 oz. 

Typical uses include drive mecha 
nisms for instruments and servo sys- 
tems, business machines, aircraft 
devices and similar applications. The 
molded plastic design overcomes many 
problems of sticking parts, corrosion 
and high replacement rates. Rampe 
Manufacturing Co., 14915 Woodworth 
(ve., Cleveland 10, Ohio. 
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COAXIAL ATTENUATORS 
FROM D-C TO 1500 MC 


Two series of coaxial attenuators. 
Models 756-3, 756-6, 756-10 and Models 
755-3, 755-6, 755-10 and 755-20, are 
used over the frequency range of d- 
to 1500 me. Series 756 has a higher 
average input power of from 2 to 


9 
o 
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DOW CORNING 
Ue Rate 


Reliability of Snark Instruments 
Assured with Silicone Rubber 


Engineers at Northrop Aviation take no 
chances on the performance of intricate 
high impedance circuits in the “Snark” 
guided missile, the F-89 Interceptor and 
other Northrop projects. They virtually 
“seal in” top performance by com- 
pletely encapsulating the brains of these 
units in Silastic* RTV. 


A new, easy-to-apply silicone dielectric 
that vulcanizes into a rubbery solid at 
room temperatures, Silastic RTV provides 
positive protection for even the most deli- 
cate electronic components. All panels 
containing resistors, capacitors, transistors 
and other recording and transmitting gear 
are embedded in this Dow Corning silicone 
rubber. According to Northrop engineers, 
a single coating— 


* provides an effective cushion against 
vibration 
assures maximum moisture resistance 
improves electrical properties, especi- 
ally surface resistivity 
protects assemblies against rough 
handling 
may be applied with a caulking gun 


Another important advantage of using 
Silastic RTV in this application is the ease 
of inspecting or replacing individual com- 
ponents after assembly. The silicone 
rubber “skin” is simply slit open to expose 
the component. Such openings are easily 
patched with more Silastic RTV. 


Silastic RTV ranges from a heavy putty 
to a fluid-like consistency. It attains opti- 
mum physical and dielectric properties in 
4 to 7 days. No. 51 


*T M. REG. U. S. PAT. OFF. 


ATLANTA * BOSTON * CHICAGO °* 


OCTOBER 1957 


CLEVELAND * 


Canada: Dow Corning Silicones Ltd., Toronto; 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 13 


Westinghouse Introduces Silicone Insulated D-C Motors 


While most leading 
manufacturers of 
electrical equip- 
ment build silicone 
insulated units 
for special pur- 
poses, now for the 
first time Westing- 
house’s new Life 
Line ‘‘H”’’ series 
offers the advan- 
tages of silicone 
insulation in stand- 
ard “off the shelf” 
d-c motors and 
generators. 


Dow Corning sili- 

cones have been used 

in combining a high temperature insulating 
system with complements of copper and 
iron equal to those used in conventional 
Class B machines. As a result, these new 
motors and generators rated at Class B 
temperatures have at least 10 times longer 
insulation life. 

In addition, Dow Corning silicones help 


provide extra protection against emergency 
overloads and abnormal ambients to reduce 


Silicone Glass Coil Insulators 
Reduce Small Motor Assembly Costs 


By insulating the coils of their ¥ hp, 
14,000 rpm afterburner ignition actu- 


ator motors with silicone-glass lami- 
nates, Lear, Inc., have cut costs a 
substantial $1.50 per unit 


Located next to jet engines where ambient 
temperatures soar to 400 F and higher, 
these motors have always been silicone 
protected. Lear originally tape-wrapped 
the coils by hand, but they recently elimi- 
nated this time-consuming job by switching 
to pre-formed glass laminates bonded with 
a Dow Corning silicone resin. 


By reducing assembly time to an absolute 
minimum, the laminated insulators save 
Lear $1.50 per motor while still providing 
the maximum in insulating efficiency. The 
coil insulators are pre-formed in 
sections by Stevens Products 
Orange, New Jersey. 


two 
of East 
No. 52 


DALLAS «+ DETROIT * 


Great Britain: 
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LOS ANGELES °* 
Midland Silicones Ltd., 


motor maintenance. Insulation is no longer 
a limiting factor to motor life. Already 
in production, the new dc motors span 
ratings from 1 to 150 hp: the dc gener- 
ators are rated from *4 to 100 kilowatts. 
Life Line “H” equipment is designed to be 
especially useful for automated processing 
where insulation failure in one unit may 
shut down an entire assembly line throw- 
ing production schedules and costs way 
out of line. 


The extra overload capacity provided by 
the silicone insulation system makes these 
motors ideal for conveyor, pump, blower 
and processing motors in mines; for drive 
motors in the glass, machine tool, paper 
and metals industries; for conveyor drive 
motors 


in material handling and many 


other processing industries. No. 50 


AY -  e 
Mae Tau tat dy 


DOW CORNING CORPORATION - Dept. 4522 


Midland, Michigan 
Please send me 50 5] 52 


NAME 
TITLE 
COMPANY 


STREET 


CITY rene ecm canitsinieniiss 


NEW YORK + WASHINGTON, D.C. 


London; France: St. Gobain, Paris 
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Even strains up to 
watts with broader frequency charac- 


teristics. Series 755 has a lower aver- 
a age input power of 1% watt with 


greater accuracy and more attenuation 


can't budge cords and cables “*- 


The 756 series are double pi-section 
anchored by GRIPMASTERS! attenuators. They are supplied with a 
series N female connector (UG-58A/U) 
Eliminate cord and cable failures as the input, and a series N male con- 
permanently wherever power is nector on the output end. They are 
supplied by exterior conductors available in 3, 6 or 10 db values and 
Economical. easily and quickly have a calibration accuracy of -+-0.2 
ree neat 2 é é s F 9 The 755 series 
installed by unskilled operators. db and a vswr ol 1.2. Phe 755 serie 
yueyee leading appliance and coaxial pads have BNC connectors and 

Ss < « « < 


. are matched for use from d-c to 1500 
equipment manufacturers. o “ina 
me. They are available in 3, 6, 10 or 


20 db values and have an accuracy of 

-0.25 db +1 per cent and a vswr 

ENE: \ 3) a K TYPES adbd of 3 d-c - Mee me. The 

TO MEET ALL EQUIPMENT DESIGN ee 160 Herricks Road, Min- 
AND PRODUCTION LINE ee, 
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All Metal Gripmasters FLOATED RATE GYRO 


Form a smooth metal band, firmly Model 
locked with a “bull dog” grip on cable. ee at a coer 2 
One-piece construction; quickly posi- _ ( esigner to meet the environmenta 
tioned by slight pressure. Cannot conditions encountered in missiles; 
shake loose in hardest service, espe- = accuracy better than +14 per cent 
cially suited for equipment subject full 

to severe handling. 


55,000 floated rate gyro is 


scale can be obtained while the 
gyro is being subjected to the vibration 
environment specified for missiles. It 
i is available in a variety of maximum 
Click on Gr pmasters rate ranges from | deg per sec to 1000 
Clickons form an immovable ring ex- deg per sec. This gyro incorporates an 
¢ 1 a g I 
erting uniform pressure on the cable 
circumference. Applied in seconds, 
Clickons are permanently locked in 
position. Effectively absorb cord pull, 
prevent braiding from unraveling and 
need for tape or thread binding. 


inductive signal pickoff, which provides 


Insulated Gripmasters 


Insulated types forming a compact 
ring that hold cables permanently in 
a vise-like grip. Suitable for assembly 
line installations. Designed to pro- 
vide positive protection for all cord- 
equipped electrical appliances. 


OM RYE a4 
BINDING SLEEVES ELIMINATE 
FRAYED CORD ENDS! 


a higher power signal output than was 
previously available in this size rate 
gyro. The power signal output enables 
the use of minimum gimbal displace- 
ment. The gyro rotor ball bearings are 
precisely preloaded, assuring a positive 

| control of the center of gravity location. 
The gyro is filled with flotation fluid 

| that serves three purposes (a) it re- 


Gripmaster 

rubber tubes, 
specified 
industry-wide 

by leading 
manufacturers, 
prevent fraying at 
cord ends. Available 


for 5 wire sizes to .790 duces the load on the gimbal bearings; 


Write for Samples and Quantity Prices (b) by providing flotation of the gyro 


GEORGE WA LKER COMPANY % rotor house, the flotation fluid insulates 


the gimbal bearings from shock and 
EXCLUSIVE MANUFACTURERS 


vibration; (c) it provides damping. 
118 AMSTERDAM AVENUE, PASSAIC, N. J. 


Damping ratio is maintained without 
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give you 
FINER PERFORMANCE 
in HALF the size 


13%” 





SIZE 4 





CONSTRUCTION "CRA” SELECTOR GUIDE 


ey ct) {tae 
AUXILIARY CONTINUOUS EXTRA 
HOLDING RATINGS AUXILIARY 
SWITCH IN AMPERES SWITCHES 
a Optional i 
| ses | 25no. | ve [| 0 | ve | 
| sea [ 25N0. [ ve | 5 | vm 
OPERATING | ses | 35,NO. | Yes 2 


FEATURES -- 





Freea” unr] xe vourace | 
[sae Trnase | ve aan [ooorse| 


EXTRAS AVAILABLE - - 
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[3 [26] s2_[ 105 [130] 
ED [120_[130_] 
Ls [spats eta 





PLEASE TURN THE PAGE FOR ADDITIONAL INFORMATION... 

















ARROW Al) HART 


=LAYS 


have EVERY feature you want -- 
VANCED DESIGN, VERSATILITY 


6” 8-POLE 
2" 4POLE 3” 4-POLE 


1%" 2 and 3-POLE 


FEATURES: 


Type IMP and FMP 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 


103 Hawthorn Street, Hartford 6, Connecticut * Motor Control Division 
Please send me complete engineering data on 


] Type “MR” and “LR” Relays [) Type “IMP” and “FMP” Relays 
] 20-Ampere Relays [] Type “CRA” Contactors 
| am also interested in other industrial motor controls A 7 ROW H y RT 


position 


SAID cee apeeieaeneniaecaeenaaeneeeeene ee mL sA 


co. address 


city ecenencenepennneenNE WIRING DEVICES » MOTOR CONTROLS + ENCLOSED SWITCHES + APPLIANCE SWITCHES 





















vides for varying the gap between the 
gyro rotor float chamber and an adja- 
cent member. The damping ratio can 
be established to suit customer require- 
ments and maintained within 0.1 over 


the temperature range of —55 C to | 


+-85 C. Norden-Ketay Corp., Commerce 
Road, Stamford, Conn. 


Circle No. 544, Reader Inquiry Service Cards 
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SYNCHRONOUS MOTOR HAS 
HIGH TORQUE, LOW 
WATTAGE 


Size 18 single-phase two-capacitor type 
400 cycle synchronous motor Type 
18-A-8125-01 runs at 12,000 rpm and 
has 0.85 6z-in. pull-out torque with 20 
watts power consumption, delivering 
high torque and low wattage in rela- 
tion to its size. It can also be hooked 
up as a two-phase motor at 0.93 oz-in. 





pull-out torque at 17 watts, as a single 
capacitor-type motor at 0.45 oz-in. pull- 
out torque with 14.7 watts, or as 
capacitor-resistor type motor at 0.73 
oz-in. pull-out torque with 30 watts. 
The motor meets MIL E-5272, weighs 
14 oz and is furnished with pinion- 
type shaft, terminal-block type con- 
struction and stainless steel housing 
finished in black oxide. John Oster 
Manufacturing Co., Avionie Div., One 
Main St., Racine, Wis. 


Circle No. 545, Reader Inquiry Service Cards 
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A-C LINE VOLTAGE 
REGULATOR FOR 
AIRCRAFT 


A typical unit in this line of compact, 
magnetic a-c line voltage regulators 
developed for 400 cycle aircraft and 
missile systems is a filament regulator 
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a heater by an arrangement which pro- 


“C’mon, take a better 
grip on yourselves”’ 
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— SEMS BY &verlock. 


End Fastening Problems for Good! 


Appearance and quality are vitally im- 
portant to consumer acceptance of any 
appliance. So is the durability with 
which the mechanical components are 
fastened together. 

Sems by Everlock literally help your 
products to “take a better grip on 
themselves” and provide greater resis- 
tance to loosening through vibration, 
shock and heaviest use. 

Sems by Everlock firmly grip both 
the fastener and the product with full 
chisel edge locking action. . . an Ever- 
lock exclusive . . . bulldog bite actually 
tightens when subject to vibration. 


SEMS by Everlock Save 
Time and Money 5 Ways... 


1. Cut Costs by eliminating sep- 
arate handling of screw and 
washer. 

2. Simplify Ordering by re- 
ducing the number of items in 
your plant inventory. 

3. Eliminate Waste due to lost 
or dropped lock washers. 

4. Eliminate Rejects due to 
omitted lock washers or faulty 
fastening. 

5. Fast Delivery on a wide 
range of types and finishes. 





























































































SEMS by EVERLOCK 


Exclusive 
Everlock Chisel 
Edges firmly 
grip both the 
fastener and 
the product! 
















































locking action. 










WRITE FOR FREE CATALOG. 


















THOMPSON-BREMER & CO. 


228 North LaSalle Street, Chicago 1, Illinois 


EVERLOCK REPRESENTATIVES 


J. J. Mcintosh W. L. Barth, Jr. D. G. Teeling Co. 
Atlanta, Georgia Chicago, Illinois Indianapolis, Ind. 
LM | _ Scott & Steffen, Inc. H.R. Paulson Co. 
c or meena Cleveland, Ohio Lansing, Mich. 
; Kenneth D. Delanoy A. G. Kavalar 
Richard C. Dudek Dayton, Ohio Milwaukee, Wis. 


Beverly Hills, Calif. 








Everlock Sems are available in a wide range of 
types and sizes. Ordering "Sems” is not enough, only 
Everlock Sems have the exclusive, full chisel edge- 


Subsidiary of AMERICAN MACHINE & FOUNDRY CO. 
Check the Alphabetical Listing in your Telephone Book 


Sam T. Keller Co. Thom Lundeen 
Plastic & Metal Detroit, Michigan Moline, Illinois 
Components C. W. McNeil, Inc. J. Ramsey Reese, |nc. 
Boston, Mass. Houston, Texas New York, N.Y 


Other Everlock 
fasteners that feature 
the exclusive full 
chisel edge-locking 
action include 
Free Lock Washers, 
Locknuts and Terminals. 








Another Product 


Hank Workman Forrest Moschner 
Pleasure Ridge, Ky. St. Louis, Mo 


W. Henry Cordray 
Sales Co 
Philadelphia, Pa. 


Oregon Indust. Factors 
Portland, Oregon 


Howard N. Clark 
Rochester, N.Y 












Circle 241 on page 17 




















Here’s the fastest way to 
produce finished wire leads! 


Allen-Bradley Co., producers of motor controls, use © 
several Artos CS-6 automatic wire cutting and 
stripping machines in their Milwaukee plant. 


3000 STRIPPED WIRE LEADS in one hour 
...each precision-cut with both ends per- 
fectly stripped. That’s the speedy pace set 
by the Artos CS-6 in producing wire leads 
up to 15 inches in length! Production 
rates vary in proportion to the length cut. 

Highly accurate machine operation reduces 
work spoilage to an absolute minimum. Errors 


due to the human element are eliminated. There 
is no cutting of strands or nicking of solid wire. 


PROVED PERFORMANCE 
Time-consuming hand stripping jobs which 
once were a bottleneck in many plants are gone 
forever. As a result, Artos automatic wire 
strippers are paying their way in the mass pro- 
duction of television and radio sets, electrical 
appliances, motor controls and instruments of 
all kinds. 

Plan now to cut wire stripping costs in 


your plant... with the high speed, automatic 
Artos CS-6. 


CS-6 CAPACITY 
Finished Wire Leads Per Hour: 
lengths to 15’’, 3000; 64’’-97"’ lengths, 500. 


Stripping Length: 14'’ max. both ends. 
Cutting Length: max., 97’’; min., 2’’; special, 7%”’. 


BULLETIN 


MEASURES, 
CUTS and 
STRIPS 
wire, cord 
and cable 
at speeds up to 


3000 
pieces per hour 


ee 

2-Conductor Twisted Wire 
Single Conductor Solid Wire 
— : 


2-Conductor Parallel 
Stranded Wire 


SE, TE 
300 Ohm Television Wire 
i 
SJ Cord 


ree eee 
Heater Cord 


2 eT 


Braided Cord With 
Rubber Jacket 


WRITE FOR e Descriptive technical sheet tells how the Artos 


CS-6 can save you money, manpower and time. 


Automatic Wire Cutting and Stripping 


NOINEERING 


2741 South 28th Street . Milwaukee 46, Wisconsin 
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designated MRC part number 75-110-0. 
whose dimensions are 134 in. x 5 in. 
x 2% in. It features all-magnetic cir- 
cuitry, and delivers stable output for 
operation of filament supplies where 
a-c line variations could impair func- 
tioning of equipment being driven. It 
is potted and hermetically sealed. 

The regulator has three outputs, one 
delivering 115 volts at 0.3 amp, and 
the other two supplying 6.3 volts, 2.5 
amp each. The unit has an 8-pin glass 
header. Rated at 30 va, the regulator 
performs with 80 per cent efficiency 
at full load. It provides 1 per cent 
regulation against line change znd 0.5 
per cent regulation against 20 per cent 
load change. It operates on a 102-124 
volt input at 300 to 1000 cps. Use of 
magnetic amplifiers instead of tubes 
assures high reliability and long life. 
Magnetic Research Corp., 316 West 
El Segundo Blvd., Hawthorne, Cali- 
fornia. 


Circle No. 546 Reader Inquiry Service Cards 
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DOUBLE-WOUND VARIABLE 
TRANSFORMER WITH 
ISOLATED SECONDARY 


Powerstat variable transformer Type 
LW136 is a double-wound assembly 
with an isolated secondary on a single 
core. The absence of an _ electrical 
linkage between the windings permits 
connections for its use as either a 
source of adjustable low voltage out- 


put, a limited range line corrector o1 
a limited range buck-boost variable 
transformer. The primary consists of 
two windings arranged for either 
parallel or series connection. 

On any single-phase unit the second- 
ary can be used as an isolated output 
rated 0 to 30 volts, 25 amp or 15 to 
0 to 15 volts, 35 amp. When used as 
a line corrector or as a limited range 
variable transformer for a 120 volt or 
a 240 volt line, the rating is either 
0 to 30 volts, 25 amp all-buck; 0 to 30 
volts, 25 amp all-boost; or 15 to 0 to 
15 volts, 35 amp huck-boost. 

Any three-phase, three-gang unit can 
be Y or delta-connected for either 120 
240 or 480 volt, 60 cycle input with a 
low voltage isolated output; either a 
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Microwave cooking shaves hours from food preparation time. This is a home-type electronic oven developed by Raytheon for producticn by appliance manufacturers 


Meals in minutes by electronics— 
In permanent magnet equipped range 


Microwave energy does the cooking 
in this domestic electronic oven based 
on Raytheon’s ‘“Radarange”’ for the 
restaurant industry. Microwaves are 
than 
fact, the mag- 


far higher in frequency 
broadcast waves 
netron tube (at left) steps 
up the vibrations to an incred- 
ible 2,450,000,000 times a second! 


A vital part of the magnetron is 


Permanent magnet is C-shaped 
casting at right of magnetron; 
box on top is filter assembly. 


the Crucible Alnico permanent magnet shown in the inset. 
This is one of many practical applications for Crucible 
Alnico permanent magnets. Crucible has been a leading pro- 
ducer of permanent magnets, known for their consistently 
higher energy product, ever since Alnico alloys were devel- 
oped. You can now order them sand cast, shell molded, or 
investment cast to every size, shape, or tolerance needed. 
It’s why an increasing number of manufacturers find the 
answer to their magnet problem at Crucible. Crucible Steel 
Company of America, The Oliver Building, Mellon Square, 


Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 
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[RIMPOT 


and related sub-miniature 
potentiometers 
-thousands of variations 
available from stock 


SELECT from the many combinations shown below. Any choice 
is available in a wide selection of standard resistance values... 
for military or commercial applications. 


these TERMINALS: 


PRINTED 
WIRE LEADS SOLDER LUGS CIRCUIT PINS 


in these TYPES: 


(select one or any combination) 
HIGH OR HUMIDITY HIGH DUAL VARIABLE 


MEDIUM PROOF RESISTANCE OUTPUT RESISTOR 
TEMPERATURE 


with these RESISTANCE ELEMENTS: 


WIREWOUND CARBON 


ALL UNITS FEATURE sub-miniature size . . . space-saving configuration... 
self-locking shaft with 25-turn screwdriver adjustment. . . excellent accel- 
eration, vibration and shock characteristics . .. mounting individually or in 
stacked assemblies, with standard 2-56 screws. 

Over 50,000 units in stock. Send for complete catalog on the TRIMPOT 
and related potentiometers. 


RU a ees 


Micro-miniature size "x 5."x1" 
2.0-watt power rating. Humidity proof. 
175°C. max. operating temperature. 


COPR. Bt 


OURNS LABORATORIES, INC. 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 
TRIMPOT + LINEAR MOTION POTENTIOMETERS + PRESSURE TRANSDUCERS AND ACCELEROMETERS 


© 
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120. 240 or 480 volt line corrector; or 
either a 120, 240 or 480 volt limited 
range buck-boost variable transformer 
in ratings corresponding to the single- 
phase units. The Superior Electric Co.. 
83 Laurel St.. Bristol, Conn. 


Circle No. 547, Reader Inquiry Service Cards 
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VELOCITY-DAMPED 
SERVO MOTOR 


Model 11VM460 velocity-damped servo- 
motor, a size 11 unit, provides elec- 
tromagnetic viscous-damping adjustable 
from 5 to 90 dynecentimeter-seconds 
per radian. High acceleration at stall 
provides fast. precise response to erro: 
signals at unit operating temperatures 


up to 200 C with no degradation of per- 
formance. Temperature range is 55 
to +-160 C ambient. 

Fixed windings operate from a 115 
volt. 400 cycle source, and can be 
wound for any standard carrier voltage 
supply. Control windings are wound 
for transistorized amplifier input, and 
may be custom wound for other in- 
puts as required. Power requirements 
are 1.75 watts per phase. Weighing 6 
oz. the unit is 2.033 in. in length and 
1.062 in. in diam. Leads are color- 
coded, Teflon-insulated wire. Beckman 
Helipot Corp... P. O. Box 458, Newport 
Beach. Calif. 
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MODULAR DESIGN PRECISION 
POTENTIOMETERS 


These precision potentiometers in the 
subminiature, miniature and standard 
class, feature modular design, high 
temperature operation and close line- 
arity. Modular design. depth of cup 
and number of taps are variable 


as 
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Skinner Solenoid Valves are easier to maintain 
and service because of their simplified design 


The man shown above is cleaning a Skinner Solenoid 
Valve. He has disassembled it by hand without remov- 
ing it from the line. Simplicity of design makes this 
simple maintenance and service feature possible. The 
design of Skinner valves is such that coils and other 
parts are interchangeable and easily, quickly replaced. 
They are readily available, too reducing the stock- 
ing of spare parts to a minimum. 
Skinner Solenoid Valves are made of the very finest 
materials available and contain only two moving parts. 


Their joints are heli-arc welded on special electronically 
controlled equipment. Their coils, manufactured to UL 
standards, will operate for years without burnout. Their 
positive spring returns eliminate sticking. And they 
have no packing to wear out and cause leakage. 

If you are looking for solenoid valves that will give you 
longer trouble-free performance, look to Skinner valves. 
For complete information on Skinner’s line of 2-, 
3- and 4-way valves, write us or contact a Skinner 
representative. Write Dept. 380 


Skinner Solenoid Valves are distributed nationally 


Mf 
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For many years, General Electric has helped 
leading manufacturers solve product wiring 
problems. This experience in developing wires, 
cables, and cords as important product com- 
ponents, has resulted in a line so comprehen- 
sive and flexible in meeting application 
requirements that it has become the standard 
for many design engineers. (A few of the many 
types available are shown here.) And, where 
special constructions may be needed, product 


designers can call on General Electric engi- 
neers for assistance in meeting out-of-the- 
ordinary wiring needs. 

Write for your free copy of “G-E Wires, 
Cables and Cords for Product Designers.” 
Address Section W210-1022, Wire and Cable 
Department, General Electric Company, 
Bridgeport 2, Connecticut. 


*Registered Trade-mark General Electric Company 
**Trade-mark General Electric Company 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


ELECTRICAL MANUFACTURING 





SUPPLY CORDS 


Types SO, SJO, S, SJ, SV—Resistant to oil, water, acids, alkalies 
and heat. Available for light, medium, or heavy duty on house- 
hold appliances, office machines, portable tools and for use in 
extreme conditions such as garages, packing houses, chemical 
plants, etc. 

Type SP—For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc. 

PREENX* heater cord—Outwears fabric-type cords. Water-, 
oil-, and grease-resistant. 300 volts, for 90 C service. 

Type SPT rip cord—For table and floor lamps, radios, fans, 
and other small devices. Smooth, attractive, long-wearing finish. 
Type SPT-3 Flamenol* — Parallel power supply cord with 
grounding conductor — The amazing new extra-slim, flexible 
power supply cord for refrigerators, air conditioners, de- 
odorizers, etc. (Cross-section only %2” x %”.) 


APPLIANCE AND FIXTURE WIRE 


Flamenol appliance and fixture wire—For general internal 
or external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, and the like. 
Flamenol appliance wire—For wiring appliances where high 
temperature rating is required. 600 volts, not exceeding 90 C 
and 105 C. 

Silicone rubber appliance and fixture wire—For sun lamps, 
therapeutic devices, and other high-wattage units. 600 volts, 
200 C maximum copper temperature. 

Deltabeston* appliance wire—Available with smokeless or 
moisture-resistant insulation. 

Deltabeston appliance lead wire—Recommended for use on 
appliances such as sterilizers, etc., where heat is a problem. 
Deltabeston fixture wire—For all types of interior lighting 
fixtures and other high-wattage units such as sunlamps, etc. 
Deltabeston range wire—An improved appliance lead wire 


designed for increased dielectric strength and moisture resis- 
tance. 300 volts, 125 C. 


MAGNET WIRE 


Alkenex** wire—Insulated with a heat-resistant film that per- 
mits lighter, more compact motors... raises motor ratings as 
much as 25%. Temperatures up to 150°C, exceeding Class B 
requirements. 

Formex* wire—Designed for motors, coils, and other windings 
where space is at a premium and resistance to moisture, fumes, 
and abrasion is required. Class A, temperatures up to 105C. 
Deltabeston wire—For winding motors, lifting magnets, brake 
coils, generators, etc., subject to high-ambient temperatures 
and intense operating heat. Class B, temperatures up to 130 C. 


APPARATUS LEADS 


Flamenol machine tool wire—Small diameter, color coded, 
acid-, and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts.) 

Silicone rubber apparatus leads—Class H—For high-temper- 
ature application where flexibility is required, such as motor 
and transformer leads. 600 volts, 200 C. 

Geoprene* motor leads—For fractional hp motors, coils, bal- 


lasts, etc., particularly for use where wire must stand elevated 
temperatures. 


SOARS 


Deltabeston switchboard wire—Will resist heat, flame, oil 
and corrosive vapors. 
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DELUXE COILS, INC. 
Post Office Box 364 D 


WATERPROOF 
MOLDED COILS 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
nose application 105° C. 
Class A requirements. 

Write 


Dept. E For Complete 


Details 
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Wabash, 


Indiana 


Now... “automate” operations 
with metal sensing transducers 


Control or count without contact 


Proximity control unit 
in JIC enclosure for 
use with transducers 
shown. System de- 
tects ferrous and 
non-ferrous metals. 
For automatic pro- 
duction lines, multi- 
ple process ma- 
chines, parts feed- 
ers, conveyors. Max- 
imum rate 600 oper- 
ations/minute. 


4905-RAC $80.00 


Standard proxim- 
ity pickup. De- 
tects small metal 
objects at speeds 
down to zero. Use 
for automatic 
feed, etc. 
4910-AN $13.50 
Water and oil 
proof proximity 
pickup. 


4910-WPN $24.00 


required by the particular application. 
Modular design also makes available 
all mounting types—servo (standard), 
tapped hole and threaded bushing 
(special), and permits ganging up tw 
15 cups without external clamp rings. 

Typical of the line are types PVR- 
05 and PVR-09. The PVR-05 has on 
independent linearity of less than 0.25 
per cent of the total 
operating range is from 


resistance; its 
55 to +145 
C. The resistance range is from 50 to 
100K ohms, with a 5 per cent accuracy 
of total resistance and a 2 watt power 
rating. Ball bearing design provides a 
low torque which is less than 0.05 o7- 
in. per section. 
PVR-09 has an_ independent 
linearity of 0.25 per cent of total 
resistance. and an operating tempera- 
ture range of 55 to +145 C. The 
resistance range is from 100 to 150K. 
with a +5 per cent and +1 per cent 


Type 


linearity functions. and 
rating of 2 watts at 80 C 
Torque is less than 0.05 
section. Technology 


Acton, Mass. 
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(special) on 
a power! 
oz-in. per 
Instrument Corp.., 


RESISTOR-CAPACITOR 
NETWORKS 


Resistor-capacitor networks have bette: 
than 0.01 per cent accuracy for use 
with summing amplifiers operating in 
the range of d-c through 3000 eps. 
Designed for use in analog computers, 
they feature specially 
lized 


designed stabi- 


wire-wound resistors that are 


Hollow coil proximity 
pickup. Use for control, 
batching, switching, 
automatic operation. 
Counts small and me- 
dium sized parts. I. D. 
! 14" to 3” 
— : 4920-AN $39.50 

Extended range proximity pickup with 

greater sensitivity than 4910-AN. 

4915-AN $13.50 

Pancake proximity pickup. Detects large 

metal masses at greater distances than 


4915-AN.Price on Request. 


electrostatically and 
cally shielded, and 


electromagneti- 
whose residual 
reactive components are closely con- 
trolled. 

Each unit has a coaxial connecto1 
at its output and individual pins for 
each signal leg, resulting in a network 
that can be plugged in or removed 
like a vacuum tube. Positive indexing 
is provided by two sturdy locating pins, 


COO OOOH OOOOH OOOH ETE HEHEHE TERE EEE ED 


® Send for new Bulletin 1001 


ectfo ELECTRO PRODUCTS LABORATORIES 


4501-M North Ravenswood, Chicago 40, Ill. 
Canada: Atlas Radio Ltd., Toronto 


eeeeeeeee 


TRANSDUCERS FOR COUNTING 


CONTROL AND MEASUREMENT 


eteee 
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A few of the fine executive desk appointments made of Formbrite by Smith Metal Arts Co., Inc. 


For a superfine luster that lasts —superfine-grain tt 


Smith Metal Arts Co. uses easy-to-polish, scratch- 
resistant Formbrite to add value to its line of distin- 
guished desk appointments. 


The fine executive desk appointments made by Smith 
Metal Arts Co., Inc., Buffalo, N. Y., are not just polished 
to shine. They are brought up to a beautiful deep lus- 
ter. For their line of brass accessories they use Form- 
brite,” Anaconda’s superfine-grain drawing brass. 


They have found that the fine, uniform grain size of 


Formbrite enables them to give their pieces a superior, 
more uniform texture. The luster, furthermore, stands 
up better under handling because Formbrite provides 
a harder, more scratch-resistant surface. 


In order to achieve this fine luster, Smith Metal Arts 
Co. must do an exceptional amount of polishing and 
they have chosen Formbrite because of its superior 
polishing characteristics. By using Formbrite they can 
achieve their high quality surfaces at savings of 20% 
over the use of ordinary brass. 
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See for yourself. Formbrite is a premium product at a 
nonpremium price. Find out for yourself how its super- 
fine grain, excellent drawing properties, strength, and 
scratch resistance can help you improve product qual- 
ity, lower finishing costs. Write for Publication B-39. 
Better yet, ask for a sample or details on our trial order 
offer. Address: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. “71 


SUPERFINE-GRAIN DRAWING BRASS 
an ANACONDA prodvet 


Made bv The American Brass Companv 
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NEW Precision in a Small Package 


DETROIT 
Class 


} 
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...1f your Precision Snap Switch 
must have : smou size 7/16” x 17/32” x 1-3/16" « 


High Electrical Rating © Choice of Operating Forces—3 ozs. to 12 ozs. on 


the pin « Compactness for ganging ¢ Wide choice of terminals—solder, screw, 


standard spade, and junior tab. 


Here’s the switch to do the job 


Precision performance and outstanding 
contact life are features of the new 
TyniSwitch. Force and movement are 
held to very close tolerances. The 
patented blade design produces a fast 
and positive snap-action that is virtually 
“bounceless,” and dependable perform- 


Class 2 TyniSwitch 


A specialized switch for applications 
requiring No. 8 screw terminals. 
Mounting bases are either left hand or 
right hand. 









For full information 
write for Bulletin 
263-B 


Quality Protects Your Investment-- 


“ 


ance under conditions of shock and 
vibration. For full information write for 
Bulletin 270. 


VU. L. listed 15 Amp. 125-250 V., 


Va hp. 125-250 V. AC. 





Class 1 TyniSwitch 


The Class 1 TyniSwitch is unusually 
small for a full 15 ampere rated switch. 
It also is a versatile design, lending 
itself to ~ adaptation. 
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American-Stardard Quality Is Available At No Extra Cost. 


Stratford, 
Connecticut 





_DETROIT CONTROLS 





Division of Amrnican-Standard 


Circle 250 on page 17 


and operation in an environment of 


shock or vibration is assured by two 


locking screws. The Daven Co., Liv- 
ingston, N. J. 
Circle No. 550, Reader Inquiry Service Cards 


on page 17 


FLEXIBLE COUPLING 


Designed to meet the requirements of 
Military Specification C-25014, this 
coupling, Part No. 6-6001, allows a 
total of 14 in. axial motion and +30 
flexure. Standard AND 10058 and AND 
10060 beaded tube 
fitting attachment. 
are used for 


ends are used for 
Standard O-rings 
standard gland 


seals; 





dimensions are used to allow space for 
seal swell and to permit easier 
motion of the tubes. 

With these couplings, tube crushing 
at the bead is eliminated. Temperature 
limitations are established by the com- 
pound used for seals, 


axial 


pressure limita- 
tions by the tubing wall thickness and 
bead stiffness. Fluids other than fuel 
can also be handled. The couplings can 
be completely assembled by hand with- 
out wrenches or torque value require- 
ments. On Mark Couplings, 200 North 
Avenue 64, Los Angeles 43, California 


Circle No. 551, Reader Inquiry Service Cards 
on page 17 


SUBMINIATURE SWITCH 
EXCEEDS 10 MILLION 
CYCLES 


Measuring *542 in. x “%e in. x 4 in, 
Type 16 features a new switch mecha- 
nism using stainless steel springs that 
reduces early fatigue failure common 
in subminiatures employing thin notch 
sensitive spring blades. Mechanical life 
exceeds 10 million cycles. 

Double break contacts 
circuit connection 


offer 
possibilities 


more 
with 
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glass-base 
laminates? 


El ee 


is the answer ! 


Teflon*, silicone, epoxy, melamine, and phenolic glass- 
fabric laminates. Polyester glass-mat laminates. 


You can improve design, speed production, and save money 
by specifying one of the many C-D-F Dilecto grades. 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a bet- 
ter answer to your problem at C-D-F. (Melamine can also 
be made with glass-mat base.) And C-D-F offers modern 
machining and fabrication facilities to deliver production 
quantities of finished Dilecto parts to your specifications. 

See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto, or of 
any other C-D-F plastics, mica, or fibre product, send us 
your print or your problem! Write for your free copy of 
C-D-F Technical Bulletin 64. 


PROPERTIES OF SOME TYPICAL C-D-F 


Flexural 
Strength 
Lengthwise 


(PS!) 


Dissipation 
Factor at 
10°* 
Cond. A 


Equivalent 
NEMA or 
ASTM grade 


GB-112T 
(Tefion*) 


GB- 12S 


(Silicone) 


GB-28E 


(Epoxy) 


GB-28EFR 


(Flame-Retardant Epoxy) 


GB-28M 


(Melamine) 


GB-261D 


(Phenolic) 


GM-PE 


(Polyester) 


0.0015 


0.002 


0.019 


0.010 


DILECTO 


Dielectric 

Strength 

Parallel 
Step x step 


65 
60 
65 


65 


SPEED AUTOMATIC PRODUCTION of printed circuits with 
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates. 
Other advantages: high bond strength of copper to laminate, 
superior blister-resistance in solder immersion 


HIGH-VOLTAGE (1800v.) RF ISOLATION is achieved by 
miniature C-D-F Dilecto gears in an aircraft receiver-trans- 
mitter switch. They also had to exhibit dimensional stability 
through a wide temperature range, resistance to fungus growth 
and thermal shock 


PRECISE MACHINING AND FABRICATION are standard 
benefits of Dilecto laminated plastics. These silicone glass- 
base parts (coil mountings, aircraft terminal board) were 
sawed, drilled, punched, and milled in production quantities 
by C-D-F and customer 


GLASS-BASE GRADES 


Insulation 
Resistance 
Cond. 
C96/35/90 


Arc Re- 
sistance 
(seconds) 


Maximum 
Operating 


These are typical grades for typical applications. To meet special requirements, C-D-F makes many other Dilecto grades, one of which may serve your 
purpose better than any of these listed here. Consult the C-D-F Technical Department for expert assistance with your design problem involving laminated 


plastics products. 


CONTINENTAL-DIAMOND FIBRE 


yo 


Circle 251 ci page 17 
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LOOK TO TOBE FOR PROGRESS 


Through the development of high 
power capacitors having exceedingly 
low inductance and internal resist- 
ance, Tobe Capacitors meet today’s 
instantaneous peak power require- 
ments in fusion research, spot weld- 
ing, shock tube excitation, photo- 
flash, and similar applications. 


In construction, the capacitor can 
be compared electrically and physi- 
cally to a coaxial line of low imped- 
ance and short length in which a low 
ratio of outer to inner conductor 
diameters minimizes inductance. 
Because of their unique design, Tobe 
Capacitors have high energy storage 


specify 
| 
i 


low-inductance 
energy-storage 
capacitors for 
instantaneous 
delivery of 
peak power 


per unit of volume, high operating 
efficiency, and can be discharged into 
a very low impedance load with com- 
plete safety. 


Custom-designed to become an in- 
tegral part of an overall system, 
these capacitors are available in 
energy storage voltage rating and 
internal inductance to suit the spe- 
cific application. Stock designs now 
available. 


For further technical information 
or engineering aid, write Tobe- 
Deutschmann Corporation, Nor- 
wood, Massachusetts. 


PRODUCTS 


TOBE DEUTSCHMANN 
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CAPACITOR 


PIONEERS SINCE 1922 


Circle 252 on page 17 


four terminals. Vibration and shock 
resistance are very good, Due to the 
light weight and short contact blades, 
vibration resistance is obtained even 
when nearly Double end 
plunger bearing makes it possible to 
operate directly from cams. High over- 
travel and positive stop also make pos- 
sible operation without actuators. Type 
16 is highly suited for aircraft safety 
applications because of dependability 
and performance standards usually 


tripped. 


found only in much larger switches. 
Illinois Tool Works, 2501 No. Keeler 
Ave., Chicago 39, IIL. 


Circle No. 552, Reader Inquiry Service Cards 
on page 17 


POWER PROGRAMMER 
CONTROLS 24 CIRCUITS 


This compact, lightweight power pro- 
grammer controls 24 separate circuits 
and eliminates the need for relays and 
interlocking circuits. Switching capac- 
ity is high enough to carry loads 
normally carried by relays. All con- 
tacts make and break simultaneously. 
The unit is designed for use in pro- 


gramming missile firing control, missile 
guidance control, and industrial elec- 
tronic equipment. 

The programmer is unaffected by 
vibration of 50 to 600 cps at 0.05 dou- 
ble amplitude by 5g acceleration, and 
by 15g impact shock. There is no con- 
tact opening or bounce at 40g shock 
loading. or vibration of 50 to 500 cps 
at 0.036 double amplitude—a feature 
made possible by high contact pres- 
sures and controlled contact dwell 
time. Size: 3 in. diam; 9 in. overall 
length: weight: 4 Ib, 2 oz. Mason 
Electric Corp.. 3839 Verdugo Road, Los 
Angeles. Calif. 


Circle No. 553, Reader Inquiry Service Cards 
on page 17 


EPOXY-SATURATED 
ASBESTOS ELECTRICAL 
INSULATION 


Two types of epoxy-saturated Quin- 
terra electrical insulations for Class B 
applications have been developed which 
have a highly purified asbestos base 
which gives them unusual electrical 
and thermal properties. Known as 


Circle 253 on page 17> 








Cutaway view of CLARE 
Mercury - Wetted - Con- 
tact Relay, two of which 
are used by AccuRay 
to control cigarette 
making process. 
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Drawings (left) 

from high-speed 

photographs show 
the cycle. (a) Fila- 
ment of mercury 
forms between the 
contacts as they 
separate. (b) This 
becomes narrower 
in cross section 
and (c) finally parts 
at two points, al- 
lowing globule of 
mercury to fall out. 







Mercury flows up 
the capillary path, 
replaces amount 
lost, restores the 
equilibrium.(d) The 
momentary bridg- 
ing of the parting 
contacts—and the 
extremely fast 
break that ends it 
—minimizesthearc 
and adds greatly to 











contactload capac-. 


ity. Contact clo- 
sure between the 
two liquid surfaces 
bridges mechani- 
cal bounce and 
prevents any chat- 
ter from appearing 


in the, electrical | 


circuit. * 




















RELAYS 
and | 


AUTOMATION 


How °uses long-life 
CLARE Mercury-Wetted-Contact Relays to 
provide accurate, continuous and automatic 


control of a manufacturing process 


Actuated by variations in the electric current set up by a constant 
intensity beam of radiation through a cigarette ‘‘rod,"’ two CLARE 
Mercury-Wetted-Contact Relays help the AccuRay Cigarette-Gauge 
controller to proportion the weight of cigarettes as they are being 
produced. 

In this way AccuRay, a revolutionary precision process control 
system, uses electronics to provide automatic control of cigarette 
and other manufacturing production processes. 

Engineers of Industrial Nucleonics Corporation, makers of this new 
process control, picked CLARE Relays to perform these important 
functions because only these relays gave the long life and low 
maintenance required. These machines wrap and cut 20 cigarettes a 
second, day and night, day after day. 

With a service life of billions of operations* it is no wonder this 
relay has become the first choice of hundreds of leading designers of 
computing, data-processing and control equipment. For complete 
information write for Bulletins 120 and 122 to C. P. Clare & Company, 
3101 Pratt Blvd., Chicago 45, Illinois. In Canada: 659 Bayview 
Avenue, Toronto 17. Cable address: CLARELAY. 


* More than two years ago a life test started on a group of these relays carrying a full contact load 
of 5 amperes at 50 volts d-c with suitable spark suppression. They have been operating continuously 
ever since at 5,184,000 operations a day. They have now passed the 4 billion mark—and the end is 


not yet in sight 


CUAIRIESRE DAYS 


FIRST in the industrial field 





® Industrial Nucleonics Corporation, Columbus, Ohio 


RELIABLE time delay with SMALL size 


types 71 and 72 Quinterra, these prod- 
ucts combine the thermal stability and 
dielectric strength of Quinterra base 
sheet (Type 1) and the electrical prop- 
erties of epoxy resin. 

Type 71 Quinterra is a high resin 
content product (approximately 45-50 
per cent). Tests indicate a dielectric 
strength of over 700 vpm, high tensile 
strength, and a moisture absorption 
factor (24 hour immersion) of less than 
2 per cent. It is available in finished 
thicknesses of 4 and 5 mils, as tape, 
cut sheets, or rolls up to 36 in. wide. 


Type 72 Quinterra is a normal resin 


content product (approximately 20-30 
Sthe-CNe7xc TIME DELAY RELAY per cent). This product is available in 
thicknesses of 3, 4, 6 and 9 mils and is 
supplied in tapes, cut sheets, and rolls 
Reliable time delay and small size are basic advantages 4 - - Se — ae Corp., 
of this new relay, but there are several others worth a cia hoe 0 ties aac ta laa lias Pa 
knowing. The Type A Silic-O-Netic Relay operates on "on page 17 
the proven silicone controlled, magnetic flux variation 
principle . . . delivers these real advantages: SELF-LOCKING FEATURE ON 


Ml ES AND #4 CA 
DOUBLE-POLE, DOUBLE-THROW switching if pecan ae “ae 
required . . . at SNAP-ACTION contact speed. 
May be ENERGIZED CONTINUOUSLY. . . does The self-locking Unbrako socket-head 
. spe . * ° cap and socket set screws are now 

not require auxiliary lock-in circuits ...a load ciievel tn: the salccncions (89 Garena 
carrier in itself. #3) and to #4 sizes, in addition to 
SIMPLE HERMETICALLY-SEALED time element the standard larger sizes. = 

Snes Bile cbatilite. Oct eubiosd to cata Typical applications: electrical and 
pores g i ! ging electronic equipment, industrial and 
or fatigue. laboratory instruments, and other pre- 
LOW COST as a unit; even lower considering "Er 
. . . . ie F 
simplified installation. 


eT Tam A tay 


Time delays .. . from % to 120 seconds 


Bulletin T-5002 Small size .. . Overall dimensions 
gives details. 26 x 2’ x 1%6"’. . . Weight 3 ozs. 
It’s yours upon request. Contact capacity ... 3 amp. at 120 volts 


AC \Non-inductive load) . . . D.P.D.T. cision assemblies where vibration prob- 


High Speed actuation... positive contact lems previously have required the use 
operation of drilled heads, lockwashers, adhe- 
sives, or other special means for 


HEINEMANN anchoring fasteners. 


Operation is as follows: a small 

<> pellet of tough, resilient nylon is seated 
ELECTRIC COMPANY in a hole drilled into the threaded 
99 Plum St., Trenton 2, N. J., portion of the fastener. This compresses 
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Facts to consider when you’re buying 


(Advertisement) 


Chromate Conversion Coatings 


for Corrosion Protection, Paint Base, Decorative Finishing 


® 
WHAT IS IRIDITE? 


Briefly, lridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of a 
nonporous nature on the surface of the metal. This film is an integral part of the metal 


itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or specially 
trained personnel are required. 


If your company is manufacturing or 
buying parts or complete assemblies 
made from or plated with any of the 
more common non-ferrous metals— 
zinc, cadmium, aluminum, magnesium, 
silver, copper, brass or bronze—you’ve 
probably already run up against the 
question of finishing these surfaces with 
a chromate conversion coating. These 
coatings are used to protect against 
corrosion, or to provide a base for paint 
or to provide a decorative finish for 
sales appeal or shelf life. Since chromate 
conversion coatings represent a rela- 
tively new means of obtaining these 
finishes, this digest of facts to consider 
may be of value to you. 


1. THE COATINGS THEMSELVES. 
There are many brands on the market. 
All are similar in many ways. Each, of 
course, offers its own specific advantages 
and these may relate to operating 
techniques, performance under actual 
use conditions, cost, availability, etc. 
Naturally, you’ll want to choose a 
coating that is widely known and 
accepted under both military and 
civilian specifications. 


2. THE COMPANY BEHIND THE 
PRODUCT. Is it a reliable, established 
organization? Does it offer experienced 
technical service, both from the field- 
engineering organization as well as the 
home office and laboratories? The man 
who sells and services your installation 
should be thoroughly familiar with not 
only chromate conversion coatings and 
their applications, but also with the 
characteristics and performance of re- 
lated finishing operations such as pre- 
cleaning, electroplating, painting, etc. 
This is most important since all steps of 
the finishing cycle must be functioning 
properly for the satisfactory perform- 
ance of the ultimate finish produced. 


3. AVAILABILITY OF THE PRODUCT. 
Ideally, of course, the material should 
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be readily available to you from nearby 
warehouses to avoid time loss in long 
distance shipping and to provide 


emergency service, should the need 
arise. 


4. COST. Naturally, the initial price 
of the material is important to you. 
However, just as you consider ultimate 
cost when you are buying mechanical 
equipment, ultimate cost must be con- 
sidered for these finishing chemicals. 
So, it will pay you to investigate con- 
sumption costs, labor costs and the 
other factors which go into the deter- 
mination of ultimate cost. Further, 
cost alone gives no indication of product 
performance, so careful attention must 
be given to the purpose the finish must 
serve and the value that finish will add 
to your product. 


5. FACILITIES FOR RESEARCH AND 
DEVELOPMENT. Perhaps the existing 
types of chromate conversion coatings 
do not include a compound that will 
accomplish exactly what you wish. 
Then, it is important to deal with a 
supplier who has adequate research 
and development facilities available to 
work with you to produce a material to 
meet your needs. Naturally, such a 
project is seldom completed overnight. 
But, with complete cooperation and 
confidence from both you and your 
supplier, chances are a_ satisfactory 
program can be completed. 


These are the concepts of sales and 
service on which we, Allied Research 


Products, Incorporated, have developed 
and marketed the line of Iridite chro- 
mate conversion coatings... superior 
product performance, complete sales 
and technical service, easy product 
availability, economical cost, extensive 
research and development facilities. 
No doubt you are familiar with our 
line and have seen this trademark— 


Garni 
—in our advertising, technical litera- 
ture or on shipping containers in your 
plant. Remember this trademark when 
you’re buying or investigating chro- 
mate conversion coatings for your 
company. It’s your assurance of quality, 
economical products from a reliable 
and established company, skilled sales 
and technical service from both our 
home office and a national network of 
representatives, immediate availability 
from warehouses in strategic industrial 
areas and our willingness to work with 
you to develop new finishes to meet 


your needs, should the present line fall 
short. 


For complete information on Iridite 
chromate conversion coatings, write 
today for your free copy of our technical 
data file. Or, for immediate advice, call 
in your Allied Field Engineer. He’s 
listed under ‘‘Plating Supplies” in your 
classified telephone book. 


Yin Cae olan 


INCORPORATED 
4004-06 E. MONUMENT STREET © BALTIMORE 5,MD 


Manufacturers of Iridite chromate conversion coatings for corrosion resistance, paint systems, final finishing 
of non-ferrous metals; ARP Plating Brightener & Chemicals. West Coast Licensee—L. H. Butcher Co. 
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FOR: 


Guide 
Bushings, 
Vanes 
and 
Wear 
Rings 


Electronic Bushings, 


H A V E Y 0 U Erte 


and 


CONSIDERED [im ay 
THE IMPORTANT 
ADVANTAGES OF 


FILLED TEFLON*? 


0 PANN 0 NEI 
‘er oy eth 


Formed 
Gaskets 


Valve 

Seats 

and 
Packings 


It has been definitely established that the value of Teflon can be 
considerably enhanced by the use of fillers in certain applica- 
tions. Laboratory and field experience has demonstrated that the 
use of fillers permit Teflon to be more readily tailored to a wide 
variety of chemical, electrical and mechanical applications. Also, 
some mechanical properties can be improved. These include: 


1) resistance to deformation under load 
2) resistance to wear 

3) thermal conductivity 

4) compressive strength 

5) hardness 


By thus improving its properties, Teflon now offers even greater 
industrial potential. This is the reason filled Teflon has become 
an important item in the “John Crane” Chemlon® line of better 
Teflon products. 

Chemlon is available with such fillers as glass fiber, carbon, 
graphite, copper and bronze, talc, calcium fluoride and other 
inorganic materials. 

Tell us about your requirements. We'll tell you the advan- 
tages you can get from filled Chemlon. Request Bulletin T-104. 

Crane Packing Company, 6424 Oakton Street, Morton Grove, 
Illinois, (Chicago Suburb). In Canada: Crone Packing Co., Lid , Hamilton, Ont 


* DuPont Trademark 


i 
= 
=P 
MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY 


Circle 256 on page 17 


when the fastener is threaded into a 
tapped hole or nut. exerting an outward 
pressure which forces the mating 
threads together more tightly. Unbrako 
fasteners with Nylok can be removed 
and reused without reducing the mate- 
rial’s resiliency and holding power. 
Resiliency is unaffected by temperature 
over a range of from —70 deg to +300 
F. Microsize fasteners and the #4’s ave 
made to Class 3A thread fit and are 
available in alloy or stainless steel. 
Standard Pressed Steel Co., Jenkin- 
town, Pa. 


Circle No. 555, Reader Inquiry Service Cards 
on page 17 


AIR-DEPOLARIZED SIGNAL 
CELL 


The CG-750 air-depolarized signal cell 
provides three times the watthours of 
a 500 amp-hr copper oxide cell, vet 
fits in the same jar. The cell is 
rated at 975 watthours. This increased 
capacity means fewer cells to set up, 
maintain. and replace, and less water 
to haul. In addition, there are no 


exhausted elements to process and re- 
turn. Although rated at 750 amp-hr, 
the signal cell fits the same jar as 500 
amp-hr cells, which results in inex- 
pensive conversion. 

Since the voltage of the air-depolar- 
ized cell is approximately twice that 
of a copper oxide cell, only about 
half as many cells are required in 
series or series-parallel circuits. The 
cell also has improved low-temperature 
properties, and a higher permissible 
current drain. National Carbon Co.. 
535 Fifth Ave.. New York 36, N.Y 


Circle No. 556, Reader Inquiry Service Cards 
on page 17 


HYDRAULIC VALVES 


The #1701 series hydraulic control 
valves are used in hydraulic pressure 
equipment in aircraft and missiles ap- 
plications and provide smooth and 
positive directional control. A cylindri- 
cal screw-type slide plunger is actuated 
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Flexibility in Application 
Versatility in design... 


packaged 
analog-digital 


converters 


Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred. Librascope converters transmit infor- 
mation at almost any rate desired up to 1 mc and 
in some cases above, and may be multiple time- 
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 
Available in Binary, Gray code or Binary deci- et 
mal code as shown in chart below. Special units FEATURES: 
may be designed to your order. 
Write for catalog information. Ke MT RS Ce Relel el 


ne brush pick-off system 
. a 


a a 
Creme anlar Ib TEC) 
plas RESOLUTION PER RESOLUTION DIMENSIONS relays or single or multiple 
INPUT SHAFT REV. OVER FULL RANGE DIAMETER X LENGTH scan matrices. 


7 digit 1 part in 128 ‘a ae ae aie- le 
— — - aed = analog operation 
13 digit | . a : 


dhaecs. std 1 part in 8192 
BINARY 17 digit rE ; - 1 part in 131,072 a NEN Sey eee 


19 digit 1 part in 524,288 


¢ Syncro-mounted 


0-2000 1 part in 2000 ie Associated circuitry can be 
BINARY 0:3600 - iS ~Tpart in 3600 = designed to fit your 
CODED 0-20,000 : - 9 1 part in 20,000 7 ” OEIC aru eae) eh 
DECIMAL 0-36,000 1 part in 36,000 


* SPECIAL Precision gearing . Life Expectancy: Function of lead current. 
UNITS Shaft Speed: 120 rpm continuous For 13 digit unit @ 2 ma. per brush, life approx. 


Operating temp: —55° C to +-75° C . "120 
AVAILABLE Shock and Vibration: up to 15.G, 5 to 500 cps, >*10* breaks or makes at approx. 120 rpm 


Engineers, physicists and mathematicians 
interested in challenging California careers, 
contact Mac McKeague, Personnel Director. 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION COMPUTERS. COMPONENTS AND CONTROLS 


LIBRASCOPE, INC. * BOS WESTERN AVENUE * GLENDALE, CALIFORNIA 
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WIND™UNIFORM 
ROR 
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weet: 


By eliminating repeated manual func- 
tions, BOESCH Automatic Model 
TW 200 winds uniform coils without 
relying upon the constant attention 
and skill of the operator. Automatic 
core holder and core rotating assem- 
bly clamps, rotates coil. 


Winds coils .218” I.D. to 5” O.D. 
#20 to #42 wire, with standard 
equipment. For this and other 
BOESCH machines, write for de- 
tailed information . . . we can cut 
your labor costs. 


Model TW 200 


Ask for Catalog 57A on your company 
letterhead NOW. 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 
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through a 28-volt d-c motor driven by 
a 2-stage gear train. Basic design of 
this valve provides two-way control, 
with % in. slide travel. Units for 
multi-line control or greater slide travel 
can also be supplied. 

Qualification-tested per MIL-V- 
5529 A and MIL-E-5272 A, the valve 
features: one-piece body to eliminate 
leaks; automatic current shut-off; small 
size—5.45 in. long; flow is 9 psi; pres- 
sure drop—6 gpm; light weight—2 lb: 
easy inspection and maintenance. The 
valve operates through ambient temper- 
atures ot 65 F to +160 F. Lyndon 
Aircraft, Inc.. 140-32 Clifford St., New- 
ark, N. J. 


Circle No. 557, Reader Inquiry Service Cards 
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ELECTRONICALLY 
MODULATED TRANSIS- 
TORIZED D-C AMPLIFIER 


Model 301 is a completely transis- 
torized electronically modulated d-c 
amplifier for use with the company’s 
“recti/riter” and other milliammeter 
recorders. Sensitivity is from 10 mv 
d-c to 100 volts d-c full scale in 12 


ranges. It has a frequency response 
up to 50 eps. 

Since no vacuum tubes are used, it is 
reliable and rugged, and quickly sta- 
bilizes itself. The amplifier operates 
from line voltage or a self-contained 
battery. A battery life of approximately 
399 hr may be expected. Modulation is 
accomplished entirely by electronic 
means. There is no mechanical chopper 
to introduce problems of noise, main- 
tenance and wear. Also, it is virtually 
unaffected by variations in line voltage. 

Specifications are as follows: size, 
7% x 10 x 2% in.; weight, 434 Ib.; 





NOW, hopper-fed 


headless 
set screws 


AUTOMATE 
SUB ot 


CUT Operational Time 80% to 90% 
CUT Floor Area 

CUT Floor Waste from 30% to 0 
CUT Worker Fatigue 


The new Setko System can be 
used for almost any headless set 
screw application in sub or final 
assembly. All type points and 
most popular styles of set screws 
can be hopper fed. 


The illustration above shows the 
Syntron vibratory hopper and 
exclusive Setko orienting device 
which is the heart of this new 
system. This orienting device as- 
sures correct positioning of set 
screws as small as #2 (.086” x 
1g”). Other Setko innovations 
include photo-electric cell control 
of feed flow, air power, and 
micro-switch actuation of the 
driver. 


Sj 


HEXAGON AND 
FLUTED SOCKET SLOTTED SLABBED 
SET SCREWS SET SCREWS SET SCREWS 


Two Models are available. The 
Vertical Feed Model adapts to 
drill presses, vertical tapping 
machines, etc. The Universal 
Model for horizontal feeding 
can be used as a separate unit, 
or with rotary indexing work 
tables, 


Free Demonstration in Your 
Plant or Ours... Arrange to 
visit the Setko plant, or ask for 
the loan of the new 12 minute 
16-mm color movie that gives 
a “demonstration” in your plant 
or office. Ask for a copy of Cata- 
log 21, which describes the new 
Setko System, plus the complete 
line of Setko standard and 
special types of set screws. 


e Pat. No 2,638,945 
e Other Patents Pending 


crevy 
& DAlfg.Co. 
112 Main Street, Bartlett, ilinois 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS ¢ SPECIAL ASSEMBLIES 


ENGINEERING NEWS #7 


ILLUMINATING ANSWERS 
FOR COMPUTER PROBLEMS 


A newcomer to the Hetherington indicator light line is this low-cost series 
for analog and digital read-out devices, computers, and a host of precision 
instruments. Dubbed the “Digicator” series, these subminiature lights pro- 
vide an attractive, easily-mounted display of numerals, letters or symbols 
in minimum space. 


Figures engraved on black plastic lenses are boldly illuminated by midget 
flange-base AN3140-type incandescent or neon lamps. Serrated spring metal 
fingers snap lenses and lamps into positive contact—yet allow lenses to be 
freely rotated to position the figures. A slight pull removes both lens and 
lamp in one operation for quick, front-of-panel lamp replacement. 


Digicator light sockets are available individually, in strips, or as special 
assemblies to meet individual requirements. To allow lights to be grouped 


Push-On, Push-Off 
Switching 
FOR SAFETY AND CONVENIENCE 


Hetherington ‘‘Push-Push’’ Switches 
have long been familiar to airline passen- 
gers as reading light switches. Now, they’re 
also finding important new industrial uses 
where their maintained contact pushbut- 
ton action offers added convenience and 
sales appeal, as well as eliminating the 
hazards of protruding toggles. 

Both types have sturdy escapement- 
type mechanisms that provide positive 
snap action with moderate operating pres- 
sures. The large J100 Series carries a husky 
15 amps (inductive) at 28v dc. The con- 
siderably newer, and smaller J4000 Series 
measures only 1!%%” overall, yet carries a 
full 3 amps (inductive) at 28 volts. 

Dimensions and full specifications on 
Hetherington ‘‘Push-Push”’ switches will 
gladly be sent on request. 
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closely together, the usual mounting nut and lock-washer have been re- 
placed with an integral collar which is flared to the mounting surface—like 
an eyelet—using an inexpensive flaring tool and anvil. 


Special patch cord plugs are available to convert any group of Hethering- 
ton Digicator sockets into a complete, low-cost program board. Simply by 
substituting patch cords for desired lens and lamp assemblies in a read-out 
panel, for instance, electrical signals can by-pass the visual stage and feed 
other equipment directly. 


Full details on the entire Digicator line are shown in Hetherington’s new 
four-page Data Bulletin L-4—available upon request. 
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MOISTUREPROOF SWITCHES 


Discipline 10 “Airborne Amps’’ 


Ordinary ‘‘earth-loving amps”’ are fairly 
well behaved and reasonably predictable. 
Put them on a plane, however, and it’s 
a different story. Combinations of alti- 
tude, humidity, and cramped quarters 
make them a bit tipsy and rambunctious 

often setting off heated battles with 
nearby components. 


For years now, Hetherington W100 
Series pushbutton switches have success- 
fully chaperoned these charges on thou- 
sands of military and commercial flights. 
Specially trained by MIL-S-6743 in the 
care and handling of amps, these tiny 
snap-action switches resist salt spray, cor- 
rosion, shock, vibration and most other 
temptations. Each can keep 10 amps 
(@ 28v dec, resistive) in tow for more than 
25,000 operations before its equanimity 
becomes disturbed. 

The entire Hetherington W100 Series 
includes six different contact arrangements 
and three button styles. There’s also a 
choice of eight plain- or color-anodized 
aluminum mounting adapters—including 
MS25089 types A thru E. Dimensions and 
full specifications are shown in Bulletin S-2, 
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HETHERINGTON INC. DELMAR DRIVE, FOLCROFT, PA. « 139 Illinois St., El Segundo, Calif. 


NOW 


OCTOBER 195° 


IN LARGER FACILITIES TO SERVE YOU BETTER 





Minimizing suir-riwe 


contact R-F Noise Levels 


P 


Wherever contacts slide or operate against rotating surfaces, 
there is a good chance that specially developed Stackpole 
silver-graphite grades will assure good performance with a 
marked reduction in r-f interference levels. 


They have, for instance, been used with outstanding success 
on applications ranging from radar antenna operating units 
to calculating machines; from aircraft prop-pitch rotators 
and de-icers to midget motors; for temperature measurements 
and on rotating equipment, and in many other uses. 


They have assured more stable contact resistance and in- 
creased contact life. Equally important, Stackpole’s unique 
high-temperature process for brazing these little contacts to 
their support armg has greatly simplified assembly operations. 
Overall costs have been reduced accordingly. Shielding and 
filters have proved unnecessary in many cases. 

The usual method is to operate a silver-graphite contact 
against a coin-silver slip ring. In some cases, silver-graphite 
or copper-graphite operating against copper give satisfactory 
results. It all depends on the application —- and that’s where 
Stackpole’s years of specialized experience in custom engi- 
neering contact material combinations from metal powders 


R pays worth while dividends to contact users. 
, 


Details of your slip-ring contact (or brush) application will 
bring prompt recommendation based on a careful study of 
< the equipment requirements and operating conditions. 


, STACKPOLE CARBON COMPANY, St. Marys, Pa. 


STACKPOLE 


“CONTACTS 


Hundreds of grades in SILVER-GRAPHITE © SILVER-LEAD-OXIDE © SILVER-NICKEL 
SILVER-MOLYBDENUM e¢ SILVER-TUNGSTEN © COPPER-GRAPHITE © GOLD- 
GRAPHITE © SILVER-COPPER-GRAPHITE © SILVER-IRON OXIDE . . and other 
special combinations mixed to exacting specifications and processed from powders. 
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input impedance is 2.5 megohms per 
volt; output impedance is 39 ohms, to 
provide proper damping for the “recti/ 
riter’ and similar recording instru- 
ments. Absolute accuracy is 2 per cent 
of full seale. Texas Instruments Inc., 
3609 Buffalo Speedway, Houston 6, 
Texas. 
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CERAMIC-COATED 
IMMERSION PROBES 


These sensitive, variable resistance 
temperature probes have a range from 

350 F to +800 F and a resistance 
of 200 ohms at room temperature (77 
F). Higher resistance values are avail- 
able, depending on the size of the 
immersion unit. 

Model 49132 probes are designed 
to resist abrasion and environmental 
stresses in air or fluids. They are AN 
threaded so they can be inserted into 
tapped holes. Tested to withstand 
pressures considerably higher than 


3000 psi, the probes are suitable for 
applications such as measuring jet 
engine inlet temperatures. Featuring a 
variable resistance temperature sensi- 
tive element, they have a nominal tem- 
perature coefhcient of resistance of 
0.003 ohm per ohm per deg C. Re- 
peatability is better than 0.5 per cent. 

The probes are constructed by apply- 
ing a light ceramic coating on thin- 
walled stainless steel tubular form. A 
pure platinum wire (element) is then 
wound on the form, after which, 
another thin ceramic coating is applied. 
G. M. Giannini & Co. Inc., 918 E. 
Green St., Pasadena 1, Calif. 
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BALL BEARINGS WITH 
TEFLON SEALS 


The Teflon seals of these ball bearings 
are designed to provide positive line 
contact between the inner raceway of 
the bearing and the permanently at- 
tached full metal shields. Sealing action 
is so effective that the lube, applied 
at the time of bearing assembly, is 
expected to last as long as the bearing 


ELECTRICAL MANUFACTURING 





LATING TAPE 


Elongation plus 
Conformability With 
Highest Retained Dielectric! 


IRVINGTON . 
HUSTLE IMAZAAL 


Non-woven Polyester Base, With or Without Adhesive Backing 


FIBREMAT'S Low Power Factor Under Adverse 
Conditions Assures Insulation Stability 


FIBREMAT's Basic Construction Virtually 
Eliminates Moisture Absorption 


No tension Tension 


No tension Tension 


Notice how stretching the woven cloth elongates the 
fibers and increases their cutting action. In contrast, 
when FIBREMAT is under elongation it maintains its 
position relative to the insulating film, eliminating the 
disruptive forces found in woven base materials. 
*Trade Mark 


@ Why does this new development, another ‘‘first’’ 
from Irvington, offer you so many advantages? Be- 
cause its non-woven polyester fiber base lets you 
stretch the tape to suit your needs with no fear of 
rupturing the varnish coating with consequent dielec- 
tric loss. This discontinuous maze of polyester fibers 
also acts as a moisture-proof shield, safeguarding the 
unique electrical properties inherent in FIBREMAT, 
even under severe moisture conditions. Only FIBRE- 
MAT pledges this exclusive protection! 


In addition, FIBREMAT’s non-woven base assures in- 
comparable conformability, which permits faster 
winding, easier handling, better appearance. 


Ask your 3M salesman to demonstrate how FIBREMAT 
outperforms any product you've ever used... how it’s 
just another of 1001 reasons why 


IRVINGTON MEANS INSULATION INSURANCE 


Irvington Division, 

Minnesota Mining & Mfg. Co. 

9 Argyle Terrace, Irvington 11, N.J. 
Please send me full technical data on Irving- 
ton FIBREMAT. 


Name 





lam ™ of the company 
(TITLE) 


indicated on this letterhead. 


eee ee ew ew ewe ee eee eee 


wee ewww ee ceesecsesosesseosd 


RVINGTON ™= 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
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Glass just 
naturally glows 
with light. 

Case in point: 
This new bathroom 
ventilator-lamp 
by Berns Air-King 
with 
Lancaster 
diffuser lenses. 
(Looks smarter, 
sells faster.) 
Heat can’t harm 
Lancaster glass. 
And it never 
tells its age. 
Brighten your 
product’s future 
with Lancaster 
design flexibility 
in glass. 

Write for 


illuminating 


“Application 
Handbook.” 
Lancaster Glass 
Corporation, 
Lancaster 1, 
Ohio. 
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itself. The seals not only prevent lube 
leakage, but act as a slinger to im 
prove lube circulation. Contact seals 
of Teflon also prevent dirt and foreign 
particles from reaching the working 
surfaces inside the bearing. 

Teflon’s low coefficient of friction 
eliminates torque resistance problems 
In this design, crimped-on full metal 
shields completely enclose and protect 
the seals of Teflon. These ball bearings 
are suited for applications requiring 
sustained high speed operation, o1 
where periodic lubrication or servicing 
is not practical, as in sealed units 
They are available in light and medium 
series. Hoover Ball and Bearing Co 
Ann Arbor, Mich. 
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MOLDED NYLON SCREWS 


These nylon screws are produced on 
fully automatic molding machines. 
Molded one at a time and trimmed 
free of flash. ready to use. all screws 
are identical in all dimensions, can be 
made to closer tolerances, and offer 
higher quality at lower cost. The 


screws are supplied in natural (off- 
white) nylon. 

Advantages of nylon screws are their 
electrical insulating value, their high 
strength-to-weight ratio (higher than 
steel), stability over a wide range of 
temperature, and chemical and corro- 
sion resistance. In addition, their nat- 
ural resilience allows them to be used 
in an interference fit, resulting in a 
tight, vibration-proof assembly with- 
out using lock washers or other sep- 
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Electro-Snap Switches Can Be Adapted to Almost 


Any Job — Quickly, Easily, Economically PD i 

Just choose the Electro-Snap Basic Switch that meets your elec- 

trical requirements, add the proper actuator — and presto! — 

you have a tailor-made precision switch that exactly fits your 

application. Electro-Snap makes a wide variety of stock actu- 

ators to fit almost any requirement. And our engineering depart- 


ment is at your service if a standard combination “won't fill 
the bill.” 






For prompt action on your switching problems, send us a brief 
description and rough sketch of the switch you need. 


SUB-MINIATURE 
SWITCHES 
TYPE E-4 






ACTUAL 
SIZE 









§.P.D.T., 1 circuit; 5 
amps, 125/250 v. AC 










erating force Roller Leaf Actuator 
Oper 9 Push Button Toggle Actuator — 
150 grams max. Actuator (Momentary or aie 
Exceptionally Constant 


Contact) 










vibration-resistant. 
Special model E4-7 
is stabilized for 

— 65° to + 350° 






_—o 





F. operation. ~ Sy 
Write for Data Sheet ED-10 a Extension 
Leaf Actuator Ganged Interlock 















TYPE S SWITCHES ae 


Series $1 
? 
a 


S.P.D.T., 2 circuit; 10 amps, 125/ Roller Lever Roller Actuator 
250 v. AC/ 30 v. DC. Ind. Screw ‘neal 

or solder terminals on ends or one 
side of switch. Also available 
with reset button at bottom of 
switch or in Type S-100 Make- 
Before-Break Series where switch 
completes a new circuit before 
interrupting old one. 















Push Button Actuvotors 
(Various button sizes available! 









Toggle Actuator 
(momentary or 
, constont contact) 



























Special Push Button 
Actuator designed for 
fire control system 


Write for Data Sheet STD-10 






Extension 
Leaf Actuator 






— HERMETICALLY-SEALED 
DOUBLE-POLE SWITCH 


Write for 
Data Sheet HJD-10 


: 





Roller Leaf Roller Lever Leaf Actuator 


<tvator ‘ ' 
DOUBLE-POLE Actvater a o 
SIMULTANEOUS ACTION 
TYPE D-8 


D.P.D.T., 4 Circuit 

15 amps, 125/250 v. AC. 

10 amps, 30 v. DC Ind. 

Eight terminals and four separate cir- 
cuits which operate simultaneously per- 
mite switch to reverse 3-phase motors, 
replace expensive relays, etc. 


Write for Data Sheet 








Type 42-4 Toggle Actuator 
for 32-4 







D.P.D.T., 4 circuit 10 amps, 125/ 
250 v. AC/30 v. DC. 





Extension Leaf 
DD-10 Actuator (Various button sizes available) 






Push Button Actuators 





TR 





ELECTRO-SNAP SWITCH & MFG. CO. 4238 West Lake Street, Chicago 24, Illinois 
MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION 


arate devices. They are non-magnetic, 
non-toxic, fungus-proof, warm to the 
touch, and will retain their shape even 
after sterilization. 

Initial stock sizes for machine screws 
are 6-32, 8-32, and 10-32, ranging in 
length from *%, to 1 in. Headless set 
screws up to %6 in. OD and ‘2 long 
are also available from stock. Gries Re- 
producer Corp.. 400 Beechwood Ave.. 
New Rochelle, N. Y. 
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RESISTOR-CAPACITOR UNIT 
IN PARALLEL ASSEMBLY 


Tube-R-Cap is a resistor-capacitor unit 
that requires only the space of a 
tubular capacitor alone. Two sizes in 
the line are CC20 and CC25 tubular 
ceramic capacitors that incorporate, on 
the same body, a resistor in parallel] 


IN ACTION 


“old faithful" 
| reliability -.-.- 
“ei and really rugged! 


These miniature units are used in elec- 
tronic assemblies, and are suited for 
antenna line application. 

The CC20 has maximum dimensions 


another ELGIN time-metering 
development for use 
under adverse conditions 


Ninety-nine plus per cent re- 
liable, this airborne timer takes 
the bruising shock of 20,000 G’s. 
It resists vibration at 2000 cycles 
per second at 10 G’s. It operates 
accurately and efficiently within 
a range of from —67 to +200 F. 
Built to military specifications. 


This is just one of many Elgin 
developments in the fields of 
time-metering, fuzing, safety and 
arming devices, and small pre- 
cision gearing, gear trains and 
differentials. These precision units 
are products of manufacturing 
and research facilities located at 
Elgin, Illinois, and Lincoln, 
Nebraska, and Chatsworth (Los 
Angeles), California. Contact 
your nearest Elgin office and see 
what Elgin can do for you. 


Elgin’s rapidly expanding tech- 
nical staff now offers a broad scope 
of opportunities for qualified en- 
Peale eae Mee ne en Ee 


ELGIN NATIONAL WATCH COMPANY 


MICRONICS DIVISION * ELGIN, ILLINOIS 
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of 0.503 in. length and 0.200 in. diam: 
the standard capacity range of this 500 


volt unit is 400 pyf to 2150 pyf, the 
resistance tolerance being +20 per cent 
below 1 megohm. The CC25 has maxi- 
mum dimensions of 0.790 in. length 
and 0.260 in. diam; the standard capac- 
ity range of this 500 volt unit is 970 
put to 5000 puf, the resistance tolerance 
being +20 per cent below 1 megohm 
and + 30 per cent above 1 megohm. 
The ceramic body is impervious to 
moisture, and unaffected by heat, vibra- 
tion, or common acids. A double coat- 
ing of phenolic provides insulation. Cen- 
tralab, A Div. of Globe-Union Inc., 900 
E. Keefe Ave., Milwaukee 1, Wis. 
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6PDT LATCHING RELAY 
USES PERMANENT MAGNET 


Designated the KG, the 6PDT latching 
relay employs a permanent magnet to 
hold the armature securely in either 
of the contact positions. Tests show the 
dual coil relay remains operative dur- 
ing 100 g shock, with the contacts 
opening for no more than 80 usec. It 
also withstands vibrations of 30 g ac- 


ELECTRICAL MANUFACTURING 














/ 


Pi / 
ff “We'll start by specifying FASCa 
/tor this motor application.” 
/ 


Yes, smart design engineers agree: whatever the 
exact rating and size of the fractional H.P. motor 
they specify, it must be a Fasco Motor. Chances are 
Fasco already has exactly the right motor for the 
application in production; if not, we will “tailor” a 
motor to meet specific requirements. Remember . . 

Fasco Motors mean dependability and long life 
which are strong selling points for your product. So 
when it’s a question of fractional H.P. motors... 


consutt FASCO _ FIRST! 


How about letting us send 
you a copy of our new cata- 


Fate ' log? It is yours for the asking. 
FRACTIONAL H-.P. -— FASCO INDUSTRIES, INC. 
MOTORS me moc Hes TER 2, NEW VO RK 


Composite view of the three Fasco 
Plants located in Rochester, N. Y. 
and Fayetteville, N. C. 
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RCA REPORTS 
“SUBSTANTIAL SAVINGS 
on Threaded Stampings 

from Mohawk” 


By taking advantage of 

Mohawk's unique method 
of blanking, forming and threading 
in one completely automatic opera- 
tion, RCA is now able to purchase 
this special %”-20 nut at substantial 
savings over former methods of 
production. 


The threaded hole is held to any 
class fit required, so that ease of 
assembly is assured. Every part is 
usable — there are no rejects. 


Whether you now make them in 
your own plant or purchase them, you 
can make substantial savings on large 
quantities of small threaded parts, 
and at the same time get guaranteed 
uniform quality by sending prints and 
specifications or writing to: 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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celeration from 55 to 2000 cps and 
excursions of 0.195 in. from 10 to 55 
cycles with no contact opening. 

The KG requires only 2 watts at 
nominal voltage for 12 millisec to effect 
armature transfer. Contact load capa- 
bilities range from dry circuits to 5 
amp, 28 volts resistive and to 3 amp, 
115 volts resistive. The relay is insu- 
lated with Teflon, ceramic and glass 
for ambient temperatures from —65 C 
to +125 C. Potter & Brumfield, Inc., 
Princeton, Indiana. 
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VARIABLE SPEED DRIVES 
IN NEW SIZES 


Improved performance, compactness 
and assembly flexibility are featured in 
the basic design of the new 200 and 
300 size Motodrives. 

Improved design for the variable 
speed internals permit a wider ratio 
of speed variation and more speed 
ranges. Reducer _capacity—single, 





double or triple stages has been in- 
creased. 

Available are a wide range of com- 
pact assembly combinations, from 
standard components, in “C” flow and 
“Z” flow styles. Vertical, 45 deg, and 
horizontal models fit wide variations 
in size, shape, and orientation of space 
available for installation. 

The new Motodrive sizes are useful 
for 1 through 5 hp applications. The 
complete line covers 
control 


variable speed 
requirements from 144 hp 
through 40 hp. Reeves Pulley Co., 
Columbus, Ind. 
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CERAMIC FIBER 
THERMAL INSULATION 
Fiberfrax ceramic fiber, an aluminum 


silicate material that withstands tem- 
peratures in excess of 2000 F, is avail- 





Stromberg-Carlson 
Telephone-Type 


a 


for industrial applications 
PROMPT SHIPMENTS 


For any part of your operation that 
depends on electromechanical switch- 
ing, these “telephone-quality” relays 
by Stromberg-Carlson will provide un- 
surpassed reliability. 

Proven by many years of meeting 
the exacting demands of the telephone 
industry, Stromberg-Carlson twin-con- 
tact relays are now available for in- 
dustrial application. 

These “telephone-quality” relays 
are available in many types, of which 
the following are representative: 


Type A: a general-purpose relay espe- 
cially adapted to the control of switch- 
ing operations. Approximate size: 
27440” high, 7%” wide with 20 Form 
“A” springs (maximum). 

Type B: a gang-type relay—2°'42” high, 
2%" wide—which can be equipped 
with 60 Form “A” spring combina- 
tions (maximum). The Type BB relay 
accommodates up to 100 Form “A” 
spring combinations. Size: 27542” high, 
47," wide. 

Type C: two relays on the same frame; 
mounts in the same space as the A 
type. It is especially effective where 
space is at a premium. 


Type E: interchangeable with many 
other makes. It combines the time- 
proven characteristics of the A relay 
with a new universal mounting ar 
rangement common to many other 
brands. 

Complete specifications of all Strom 
berg-Carlson relays are contained in 
Bulletin T-5000R, available on request 


SC 


AR 


OLS 
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ep 


Scag? 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD + ROCHESTER 3, N. Y 
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Defeating Drudgery- 





Task for Mallory Timers 


Take the burden of tedious, drudging work out of 
human hands and make operation automatic—and 
you have a market ready to buy. This concept has 
proved itself in automatic home laundries, clothes 
driers, vending machines... and offers interesting 
possibilities in other types of products for factory 
and farm. 


What makes millions of these self-operating devices 
and appliances automatic is a Mallory timer switch! 
Designed for ruggedness and versatility, Mallory 
timers are manufactured to high standards of preci- 
sion at economical cost, for leading appliance makers. 


When you are looking for ways to make your new 
products automatic, you may find that Mallory 
already has the answer to your timer switch problem. 
In addition to the Mallory switch that makes a 
dishwasher automatic, Mallory has other timer 
switch models—each capable of many variations in 
evcle time, current rating and other characteristics, 
cover an almost endless combination of uses. Two 
of these are illustrated: 


For a consultation on your specific automation 
problem, write or call Mallory today. 


Serving Industry with These Products: 


Electromechanical—Resistors ¢ Switches e Television Tuners ¢ Vibrators 
Electrochemical—Capacitors e Mercury and Zinc-Carbon Batteries 
Metallurgical—Contacts © Special Metals e Welding Materials 
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P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


For cycles from 1 second to several hours 


the new Mallory interval timer con- 
trols up to 6 circuits to high precision. 
Timed portion of the cycle can be 
adjustable. Motor reset gives posi- 
tive, spring-less return to original 
start position. Nominal rating: 10 
amperes at 125 volts and 5 amperes at 
250 volts; other ratings are possible. 


For heavy duty... 


another Mallory timer controls two 
25-ampere circuits. Self-cleaning 
spring contact assembly has long life, 
fast opening; ends danger of sticking 
of contacts. Many variations in 
motor mounting, built-in bussing and 
terminal arrangement are available. 


yee more... Get more from 


ALLO aRY 
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AMPLIFIER 


This diagram illustrates an 
optimum configuration of a 
precise integrating servo system. 
The essential components 

are shown below. 


KEARFOTT COMPONENTS 
INCLUDE: 
Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, Ta- 
chometer Generators, Hermetic Ro- 
tary Seals, Indicators and other Elec- 
trical and Mechanical Components 


KEARFOTT SYSTEMS INCLUDE: 


Directional Gyro Compass Systems, 
Three Gyro Stable Platform Systems 
and Inertial Navigational Systems 


— 


yee 
| 
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SERVO MOTOR GENERATOR 


This size 15 unit represents the latest 
in design for precise integrating 
tachometers. Temperature stabilized 
to within 1° C; linearity, 0-3600 
R.P.M., .03% of 3600 R.P.M., 
0-4800 R.P.M., .05% of 3600 R.P.M. 


MECHANICAL FILTER 


This size 11 filter, used in conjunction 
with amplifiers shown, provides an 
integral-plus-proportional circuit. 
Eliminates quadrature and noise in 
the error signal and the need for high 
gain, critical amplifiers. 


TRANSISTORIZED AMPLIFIERS 


This T3103 amplifier provides a 40 v., 
6 w. output. Meets the requirements 
of MIL-E-5400. Dimensions 154" x 
154" x 174" high, weight 4.7 oz. 

The above units are available as 
components for your specific applica- 
tions or as packaged sub-assemblies. 


earfott 


A SUBSIDIARY OF 
7ENERAL PREC ON EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J 


Midwest Office: 23 W. Calendar Ave., lo Gronge, lil 


South Central Office: 6211 Denton Drive, Dallas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pascdena, Calif 


Circle 272 on page 17 


able in various textile forms for thermal 
insulation applications. They have good 
insulating properties due to low thermal 
conductivity, high yarn bulk, natural 
resilience and small fiber diameter 
(average about 4 microns). Some con- 
structions are inserted with stainless 
steel or nickel-chrome alloy wire for 
greater tensile strength in the 1000 to 
2000 F range. 

Current uses of Fiberfrax cloth and 
tape include gaskets, filters, conveyor 
belts, various kinds of heat and flame 
barriers, and other high temperature 
applications flexible sheet 
material is required, including electri- 
cal circuits 


Ww here a 


subjected to very high 
temperatures. The Carborundum Co.. 
Niagara Falls, N. Y. 
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THIN-WALL TEFLON 
SPAGHETTI TUBING 


Known as Microthin, this Teflon tubing 
retains all the strength and properties 
of the heavy wall type. Microthin’s 
high flexibility Teflon properties, tem- 
450 to plus 550 F) 
and ease of handling, make it advan- 


perature range ( 


tageous in the assembly of compact 
electrical and electronic components 


requiring sharp tubing bends in re- 


stricted corners. High heat resistance 
allows greater speed of assembly and 
use of high-speed soldering techniques. 

Weighing approximately one-half of 
the aircraft standard tubing, it is suit- 
able for service in the manufacture of 
lighter aircraft and missile components. 
Produced in the standard color coding 
range, the tubing is available in wall 
thicknesses from 0.005 in. to 0.010 in.. 
AWG sizes #30 through #0. W. S. 
Shamban & Co., 11617 W. Jefferson 
Blvd.. Culver City, Calif. 
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SPECIFICATION-PLATED 
METAL 


Specification-plated chromium _ steel 
(Chromsteel) is a pre-plated metal de- 
velopment that makes possible heavy- 
duty finishes of unvarying quality at the 
same economies as with ordinary sheet 
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which 
connector saved 
a customer 
$50,000.00 
in one year? 


The connector designed and made “the Ilsco way”! And 
it’s a fact. One of our customers actually saved $50,000 
in one year through IIsco’s exclusive seamless tube con- 
struction method on this particular lug. This tremendous 
saving was realized because the IIsco lug is smaller, 
stronger, lighter . . . requires less material and therefore 
is lower in price. 

All Ilsco connectors are made of 100% pure electro- 
lytic seamless copper guaranteeing maximum conductiv- 


CONNECTORS e¢ FABRICATED TUBES ¢ NEUTRAL BARS 


SOLDERING LUGS ¢ STAMPINGS ® TERMINAL BLOCKS 
SHADING COILS ¢ WIRE-REINFORCED FUSE CLIPS 


ity and low heat rise. Each is compact, light weight and 
will withstand hard usage and abuse. All are U/L and 
CSA tested. Copper is cold worked to retain its natural 
qualities. 

Our engineering staff is ready and willing to work 
with you on your specific replacement or development 
problems. 

For your free copy of Catalog #50 and samples, 
write Dept. F-10. 


Se @khrPp oc eR A TIO f 
4730 Madison Road « Cincinnati 27, Ohio U.S.A 


Ilsco of Canada, Ltd., 25 Carson St., Toronto, Ontario 
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This new Speer Packaged Assembly Circuit offers you a wide 
variety of custom, preassembled units of high-quality components 
for use in conjunction with printed board applications. 


P.A.C. permits the insertion, as a group, of a full range of capaci- 
tors and resistors in simple or complex circuitry. Each P.A.C. is 
based on components of uniform dimensions, Ye” diameter and %” 
long. Component availability includes Jeffers tubular ceramic 
capacitors and Speer fixed composition resistors, providing wide 
circuit flexibility in a single P. A.C. unit. 


ADVANTAGES OF SPEER P.A.C. 
e Simplifies chassis design and assembly 
¢ Reduces printed circuit board area and insertion operations 


e Permits easy and low-cost component change-over to accommodate 
circuit revisions 


Broad choice of characteristics—low capacitance temperature com- 
pensating units and high capacitance bypass capacitors mounted 
in same P.A.C. unit 


Isolation of individually mounted units provides low shunt capaci- 
tance across resistors 


Pretested components achieve unusually close tolerance assembly 


Learn more about the new Speer P.A.C. 
For information write to: 


JEFFERS ELECTRONICS DIV. 
Speer Carbon Co. Du Bois, Pennsylvania 
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metal. Costly piece plating is eliminated 
even when parts require deep draws or 
severe bends. 

Some advantages of specification 
plated metal are: it can be stretched 
without danger of drawing out the luster 
of the satin finish; deep stretching of 
satin fiinishes can be done without dis 
rupting the grain structure or lessening 
resistance to corrosion; the amount of 
plating metal for individual component 
parts can be varied to the particular 
draw and resistance to wear required 
by the part. 

Applications include control panels, 
escutcheons and trim. Apollo Metal 
Works, 6650 S. Oak Park Ave., Chicago 
38, Il. 
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300 C CERAMIC 
PLANAR TRIODE 


Designated the 3CX100A5, this high 
temperature ceramic triode for air 
craft equipment has been designed to 
overcome all disadvantages of the 
2C39 types, and is mechanically and 
electrically interchangeable with that 
series. Among the advantages achieved 


over the 2C39 family are: longer life. 
10 per cent more power output at 
2500 mce., full ratings to 60,000 feet. 
lower inter-electrode leakage and sus- 
tained performance at temperatures to 
300 C. It can be employed to 3000 m« 

High quality and close tube-to-tube 
uniformity are achieved by a series of 
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When selecting a timer— 


Specifying one of the many standard 
units offered saves you and your 
customers time, money 


Several distinct advantages accrue 
when you design for a standard timer— 
as against making a special timer for 
your specific job: 

Cost is lower because no engineering 
or tooling charges are encountered. Serv- 
ice is quicker and easier. Replacement is 
simplified. Complete descriptive informa- 
tion and operating instructions are in 
print. 


STOCK TIMERS FOR QUICK DELIVERY. 
But probably the most important single 
reason for sticking to standards is ready 
availability. Quantities of the exact type, 
range and rating can usually be obtained 
immediately from manufacturer’s stock 
for prototype or test purposes. Produc- 
tion quantities can be supplied with mini- 
mum lead time because design has been 
completed, parts inventories established 
and assembly techniques perfected. 


EXTREME VARIETY AVAILABLE. Lead- 
ing timer manufacturers offer extremely 
wide lines of standard interval timers, 
time delay relays, cycling timers and 
time totalizers. In addition, a wide selec- 
tion is offered within these groups. You 
can, for instance, pick a standard inter- 
val, cycling or delay timer to optimize 
almost any characteristic needed for your 
design; cost, mounting, accuracy, actuat- 
ing means, and degree of adjustability. 
Each of these sub-categories in turn pro- 
vides various time ranges, control ar- 
rangements and voltage-frequency com- 
binations. 


MINOR CHANGES EASY. In the event 
you can not find a stock or catalogued 
timer to meet your exact needs, discuss 
your problem with a full-line timer manu- 
facturer. He will frequently be able to 
modify a similar unit to your specifica- 
tions with only minor changes, thus sav- 
ing you the costs of engineering and 
lengthy testing. 


Only rarely will you have to specify a 
completely new design. And then your 
best approach is to talk it over with the 
specialists in the field of time control. 


WRITE TIMER SPECS EARLY. Timer re- 
quirements should be determined early 
in the design process, so that an available 
standard timer, with the right character- 
istics and proved performance, can be 
accommodated. 


LET US HELP YOU. Cramer engineers 
are always ready to discuss your time 
control problems. They can tell you 
about interval timers, time delay relays, 
cycling timers and time totalizers in 85 


design for availability 


CRAMER PERMANENT-MAGNET MOTOR—heart 
of Cramer a-c timers. Available separately. 
Features fast start, truly synchronous opera- 
tion, no coasting. STOCKED in many speeds, 
right or left rotation. Various output shafts. 
Torque: 30 in-oz at 1 rpm. Bulletin PB-110A. 


stock variations in the wide Cramer line. 
And they can handle your special needs, 
too. Write us or see your local Cramer 
representative. The Cramer Controls 
Corporation, Box 8, Centerbrook, Conn. 


A FEW STOCK TIMERS FROM THE BROAD CRAMER LINE 


1. TYPE 631E TIME TOTALIZER. Registers elapsed 
time on 5-digit drum-type counter. STOCKED in 
total ranges of 9999.9 and 99999 hours at 115V, 
60 cps. Also 9999.9 hours at 220V, 60 cps. Other 
available (including resettable) types count 1/10 
seconds, seconds, 1/100 and 1/10 minutes, min- 
utes, 1/10 hours and hours. Bulletin PB-610. 


2. NEW TYPE 412 TIME DELAY RELAY, Intro- 
duces timed delay between operation of control 
circuit and load circuit. STOCKED in full-scale 
ranges of 6, 15, 30, 60, 120 seconds; 5, 15, 30, 60 
minutes; 5, 12, 24 hours at 115V, 60 cps. Also 15, 
60 seconds; 5, 15, 60 minutes at 220V, 60 cps. 
Bulletin PB-311. 


TALK IT OVER WITH CRAMER 


CRAMER CONTROLS 
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CORPORATION 
(Formerly R. W. Cramer Co.) 
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3. NEW TYPE 241 AUTOMATIC RESET INTERVAL 
TIMER, Provides pushbutton start, automatic and 
immediate reset for electrically operated equip- 
ment. STOCKED in full-scale ranges of 6, 15, 30, 
60, 120 seconds: 5, 15, 30, 60 minutes; 5, 12, 24 
hours at 115V, 60 cps. Also 60 seconds; 5, 15, 60 
minutes at 220V, 60 cps. Bulletin PB-241. 


4. TYPE 610 PERCENTAGE TIMER. Makes (or 
breaks) electrical circuit for adjustable percent- 
age of a fixed time period. Calibrated in steps of 
1% from 4 through 96. 100% setting provided. 
Snap action switch. STOCKED in ranges of 15, 30, 
60 seconds; 5 minutes at 115V, 60 cps. 15, 30, 60 
seconds at 220V, 60 cps. Bulletin PB-S10A. 


© 





rigid production tests, including a long 
Learn au “pay ‘the NEw pulse cathode evaluation test and a 
positive grid voltage-current division 
test. Eitel-McCullough, Inc., 798 San 
Mateo Ave., San Bruno, Calif. 
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CARTRIDGE HEATING UNIT 


White for youn FREE Copyl ramen cmcurr 


ask for bulletin 360 AMPLIFIER 





Model USA-3 is designed for applica 
tion to instrumentation, control, and 
analog computation and features an 
open-loop d-c gain of 10 million and 
an output range of +115 volts. When 
used at a gain of 100, accuracy is 





maintained well beyond 1 ke. Band- 
width is inversely proportional to gain. 
Drift, noise and offset amount to less 
than 100 pvolts referred to the input. 
Power requirements are 15 ma _ at 
+300 volts, and 2 amp at 6.3 volts, 
60 cps. 

Stability is obtained even with zero- 
resistance feedback and with as much 
pot, Pending i as 500 py»f from output to ground. 
if Safety against accidental grounding of 
the output is achieved in that no part 
ever exceeds its wattage rating. Addi- 
tional output power up to more than 
2 watts may be obtained. The printed- 
circuit board measures 7 in. x 2% in. 
and the amplifier connection scheme 
is permanently etched into the board. 





it can fit into your design needs that call for high George A. Philbrick Researches, Inc., 
heat concentration in a small amount of space. 230 Congress St., Boston 10, Mass. 

Circle No. 569, Reader Inquiry Service Cards 
actual tests prove about the FIREROD’S su- om TF 


periority in high temperature potential and long 
operating life. 


to determine watts densities, temperature control Postcard return cards are provided 
points for your installation. on pages 17 & 19 as a convenience 


to the reader in obtaining further 


charts, tables, illustrated units. 
information on — 





SINCE 1922—DESIGNERS AND MANU- : , ? 
FACTURERS OF ELECTRIC HEATING UNITS New Components and Materials 


Literature for the Design Engineer 
ELECTRIC MFG. CO. . 


Feature Article Reprints 


1362 FERGUSON AVE, Advertised Products 
SAINT LOUIS 14, MO. 
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Dyna-rtoRO, 


MAGNETIC-FRICTION CLUTCHES, BRAKES, | 
CLUTCH-BRAKES, CLUTCH-COUPLINGS 


The Eaton Dyna-torQ electro-magnetic friction units 


include a number of unique design advancements 
which provide longer life and superior performance 
with less maintenance. Check the following important 
advantages: 


1 Extremely Rapid Response in Clutching and Brak- 
ing—makes Dyna-torQ units ideally suited to a wide 
range of manual and automatic cycling applications. 


Smooth, Shockless Engagement—permits rapid opera- 
tion without backlash or chatter. 


Highly Effective Cooling—maintains lower operating 
temperatures; permits fast, repetitive actuation. 


Self-Adjustment—avtomatically maintains proper clear- 
ance between armature shoes and field magnet. 


Simple, Accurate Control—manual or automatic; may 
be had to operate on 110, 220, or 440 volt, 60 cycle, 
alternating current. 






Low Maintenance Costs—result from unique design 
7 features and superior quality of construction, assuring 
CLUTCH long operating life and minimum down-time. 


Eaton Dyna-torQ Clutches and Brakes are elec- 
trically operated, disc-type friction units having 
two basic components: a field magnet and an 
armature. Torque is transmitted as the magnet 
pulls the armature into engagement. Because the 
pull of the magnet is direct without intricate link- 
age, and the movement of the armature is slight, 
Dyna-torQ units are capable of extremely rapid 
response in clutching or braking. 

Ask us to tell you how these Dyna-torQ units 


‘ . CLUTCH-BRAKE 
will fit your equipment. 


CLUTCH-COUPLING 


WIDE RANGE OF SIZES AND CAPACITIES 


Send for Illustrated Descriptive Literature 


——DYNAMATIC DIVISION — 
MANUFACTURING COMPANY 


3307 FOURTEENTH AVENUE ¢ KENOSHA, WISCONSIN 
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Want Speed Control Like This? 
(2) 


Infinitely adjustable speed from AC 
power source 
* 
Wide speed range 
* 
No commutators, rings, brushes, or 
rotating coils 
* 
Instantaneous response 
* 
Remote control 
* 
Low power losses 
* 
Quiet, efficient operation 
* 
Simple construction 
* 
Low maintenance cost 


1. Input Drum Assembly 
2. Stationary Field Assembly 


3. Output Rotor Assembly 


NYNAMATI[ Eddy-Current Equipment 


Dynamatic Eddy-Current Drives, Couplings and Brakes 
are the solution to difficult speed control problems— 
in both original equipment and factory installations. 
Smooth, stepless acceleration and deceleration are 
achieved without mechanical contact between rotating 
members. Eddy-current braking provides cushioned, con- 
trolled stops. Dynamatic electronic or magnetic amplifier 
controls, in conjunction with these units, assure wide 
latitude in operating functions. For efficient, economical 
speed control, investigate Dynamatic Eddy-Current 


Eq uipment. 





is the Answer! 


rr asst Went a 
pat ee Blom gy 


aw womere 
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Send for 


Illustrated Literature Describing 


Dynamatic Eddy-Current I quipme ni 


DYNAMATIC DIVISION 


EATO MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE 


° KENOSHA, WISCONSIN 











Laboratory 


Engineering 


Equipment 


ALL-TRANSISTOR 
A-C MiLLIVOLTMETER 


Model 300 a-c millivoltmeter has two 
features incorporated in it: (1) an 
input impedance of 2 megohms on the 
lowest ranges without using vacuum 
tubes and (2) a voltage regulator 
system which eliminates the usual prob- 
lem of falling battery voltage. The 
high input impedance allows measure- 
ments with minimum loading on cir- 
cuits throughout the audio and low 
frequency radio spectrum. This is 





particularly true for the voltage ranges 
of 1 volt and up, where the input 
impedance is 10 megohms. The voltage 
regulator system provides a uniformly 
stable characteristic of the instrument 
throughout battery life. 

The instrument consists of an imped- 
ance converter and attenuator system 
followed by a temperature stabilized 
feedback amplifier. The meter and rec- 
tifier assembly are included within the 
feedback loop, so that the meter scale 
is linear. The switching has’ been 
arranged so that the unit is free from 
annoying switching transients when 
ranges are changed. Ranges are 
changed by a single control marked 
both in terms of voltage and decibels 
so that either type of reading may be 
made throughout the range of the 
instrument, 

Additional features are: transistorized 
circuitry; 2 megohms input impedance; 
battery life of 4500 hr; 12 ranges 
covering 0.001 to 300 volts full scale; 
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See how big 3-D views speed as- 


sembly, measurement and _ inspec- 







tion of tiny parts. 


15-DAY, ON-THE-JOB 


TRIAL! 





Bausch & Lomb 
STEREOMICROSCOPES 


| Gi) 


WU REEL EEL e dee 


a 


These essential production tools make small-parts manufacture faster and 
easier, make precision surer. Views are vivid, magnified in natural 3- 
dimensional detail. Complete line to fit exact model to your specific indus- 
trial needs. Dustproof, shockproof, built for rugged production-line use 
—you can mount them right on machines! 

See for yourself! Use a B&L Stereomicroscope on your own job for 15 
days—absolutely free, no obligation. All we ask is the opportunity to let 
our Stereomicroscopes 
prove themselves to you. |! BAUSCH & LOMB OPTICAL CO. 

84722 ST. PAUL ST., ROCHESTER 2,N. Y. 


Just call your regular 


B&L dealer, or mail the | 
coupon today. 


Yes, I'd like to borrow a B&L Stereomicroscope 
for a 15-day trial without cost or obligation. 


| Send me B&L 3-D Micro-Vision Book, contain- 
| ing valuable data, showing actual stereo views 


NAME 


BAUSCH 6 LOMB Hi 


ae de COMPANY 
ADDRESS 
| CITY ZONE STATE 
Oo 


Circle 278 on page 17 283 











in your designs 
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UNIVERSAL MOTORS 





Variable speed .. . high starting 
torque... reversibility... high out- 
put... you get them all in Heinze 
Universal Motors. Horsepower rat- 
ings are from 1/15 hp to 1/50 hp, 
with load speeds of 5000 to 7500 
rpm. Normally designed for 115V 
AC/DC, CW, CCW or reversing. 
Other voltages are available. In- 
ternal or external brushes may be 
supplied. Type DL has die cast 
housing. Broad applications in- 
clude sewing machines, business 
machines, movie projectors, elec- 
tric organs, small hand tools. 


You have a wide choice of models 
from the comprehensive line of 
Heinze sub-fractional horsepower 
motors and blowers. Send us your 
product and specifications. Heinze 
Engineers will adapt a motor, at no 
obligation. Or write for catalog 


aii ti® ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 


Sub-Fractional Horsepower Motors 
and Blowers 
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frequency response of 8 cps to 800,000 
cps: a regulated power supply system; 


and small size of 5 x 7 x 5 in. with a 


large 4-in. meter. The meter can be 
powered with either flashlight cells or 
mercury cells. 

The instrument may be used in the 


field to measure audio, supersonic, and 
carrier current signals; amplifier gain 
and network response: or as an audio 
null indicator, or a 
broadband, high-gain amplifier. Burr- 
Brown Research Corp.. Box 6444, Tue- 


Ariz. 


level meter. a 


son, 


Circle No. 570, Reader Inquiry Service Cards 
on page | 


7 
eg TREE 
PROGRAMMED CURRENT 
PULSE GENERATOR 


Model 1020 programmed current pulse 
generator is a packaged system, pro- 


viding precisely controlled, fully pro- 
grammed current pulses for the re- 


search, development and production 
testing of digital systems and compo- 
nents. It stable. high- 
level current pulses from a high source 


impedance. making it effective for use 


can generate 





in analyzing highly inductive magnetic 


elements or for driving complete 
magnetic core logic systems. 
Incorporated in the instrument are 
a flexible program generator. highly 
power supplies, 


and two negative and two positive out- 


stabilized, heavy-duty 


put current drivers. Operating at 525 


volts d-c, two current drivers deliver 
negative pulse currents to 3 amp from 
source impedance as high as 20,000 
ohms, while two deliver positive pulse 
currents to 4.5 amp from a_ voltage- 
type source. 

Programming is based on an 8-step 
periodically with a 


maximum step repetition frequency of 


repeated pattern, 
200 ke. Pulse repetition frequencies of 
up to 400 ke may be obtained by using 
a primary and a _ controlled delay 
secondary pulse during each step. To 
enable full control over the final cur- 
rent wave shape. primary or secondary 
pulse width is continuously adjustable 





SIMPLET 


VAP-OIL-TITE 
CONNECTORS 
For Liquid-Tight 
Flexible Metal Conduit 








eee 

* The only completely | 
REUSABLE 
connector! 


PROVIDES PERMANENT 
WIRING 
“PROTECTION 


d 


@ Easy-to-apply ...Ideal-Simplet 
Vap-Oil-Tite Connectors adjust 
quickly to conduit size variations. 
They positively seal out vapor, oil, 
water or dust. Grounding bushing 
assures positive ground . . . flange 
covers raw ends of conduit . . . and 
you can actually see that the bush- 
ing seats all the way! 


Exposed parts all non-corrosive 
metal, Vap-Oil-Tite Connectors 
have positive ground, tapered 
threads, and tremendous gripping 
power through serrations on split 
ring. Underwriters’ Laboratories, 
Inc. approved with 200 Ib. pull test. 
Fit both EF and UA conduit. Write 
for further details and prices. 


IDEAL-SIMPLET FITTINGS, INC. 
A Subsidiary of Ideal Industries, Inc. 


1058-3 Park Avenue © Sycamore, Illinois 
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ASWUAG close differential relays respond crisply 
to 2% voltage or current variations. . . 
with no chattering on pickup or dropout. 





ASCO Close Differential Relays (available either A-C or D-C) 
have been developed to meet the demand for a unit having the 
ruggedness of a power relay yet retaining the ccnsitivity of a 
primary control relay. 





FEATURES 
@ Positive action on make or break, with no tendency to creep 
Voltage Type Close Differential Relay protects on opening or closing @ 2% Sensitivity @ Wide Variety of Appli- 
electrical equipment against low voltage or cations @ Available in Various Pole Combinations Up To 2 Nor- 


over-voltage conditions. mally Open and 2 Normally Closed Poles @ Continuously 


Adjustable Pickup, or Variable Pickup By Tap Changing is Avail- 
able @ Continuous Dropout Adjustment is Standard. 


MODIFIED ARRANGEMENTS 
@ High Shock Design @ Variable Pickup @ Frequency Response 
@ Delayed Action @ D-C Relays Also Available. 





Close Differential Relay designed to withstand 
NAVY Hi-shock requirements. Has tapped trans- 
former making the relay suitable for a series APPLICATIONS 


of different pickup and dropout voltages. As Voltage Relays they are extensively used in power and 
, lighting systems to protect electrical equipment against low 
voltage or over-voltage conditions. For example . . . they permit 
detection where motor feedback conditions would not permit 
detection by ordinary potential relays. These relays are reg- 
ularly furnished with ASCO Transfer Switches to provide 
voltage supervision of single phase and polyphase systems. 


As Current Relays they have found extensive application as 
off-peak load relays to automatically disconnect selected loads, 
Current type Close Differential Relay Panel for preventing system loading beyond set values. Close differential 


process control. (Relay operates as a function . i ; , a3 
<b edie Hak ecneekd Get eet: ghee detection makes ASCO Close Differential Relays ideal for 


and dropout control. Panel has been used suc- process control by motor current measurements. 
cessfully for controlling cotton baling equipment. 








Close Differential Relays are only part @ SPECIALIZED RELAYS, INCLUDING: 
of the complete line of Relays offered ... Reverse Current 
by ASCO. ASCO Catalog 57-S¢4 lists: ... Time Delay 
@ MAGNETICALLY HELD RELAYS + + - Brake Winding Time Delay 
AC or DC... Normally Open... - +» Close Differential 
Normally Closed... Double Throw ... Current Type, Welding 
@ MECHANICALLY HELD RELAYS ... Electronic 
AC or DC ... All pole combinations . .. Modified Arrangements 


Write for your copy of ‘Relays by ASCO’’— Catalog 57-S4, 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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A short design course guaranteed to save a lot of grief later on! 


You could memorize these and thousands more design 


tips on the best use of rivets—but don’t! Much simpler 


to call on Milford for the right answers to all your 


riveting design and application problems. Full-tubular, 


semi-tubular, split, cutlery, decorative—Milford makes 


them all from any metal that can be cold-formed, 


then adds a wide variety of platings and finishes. 





To improve product appearance and strength 


MILFORD 


THE 


226 





& 


. to take full advantage of automatic assembly 
. to cut delivery time and production costs 


—get in touch with Milford first! 


MILFORD RIVET 


MACHINE CO. 


MILFORD, CONNECTICUT e@ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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from 0.5 wsee to 50 usec. Linear and 
exponential rise time is continuously 
variable from 0.08 psee to 2 psec. 


while exponential fall time is continu- 
ously variable from 0.15 psec to 2 psec 

Other features of Model 1020 include 
synchronization with 


external equip- 


ment before any one or more separate 


pulse 10-turn current controls 
on all four amplifiers, filtered 
of the 
relay 


Arch 


events, 
forced, 
and 
into a 


air cooling incorporation 
standard 


731 


system 
rack. Rese Engineering, 
St.. Philadelphia 6, Pa. 
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single, 
Inc.. 


AUTOMATIC DYNAMOMETER 


Designed for production checking of 


electric motors of 450 hp to 1 hp capae- 


ity. including the miniature servo-motor 


range. these units can completely test 


a motor in three or more dynami 
phases of torque. speed, and current 
characteristics. Thev feature a line of 


hysteresis brakes for the dynamometer 
load members and four-digit electronic 





indicate 


tachometers to motor speed. 
heads are 


from 1] 


dynamometer 
the 
torque Ccapaeity. 

\ typical unit will check motors in 
three follows: 1) 


Several basic 


available, covering range 


oz in. to 750 oz in, 


phases as no-load 


check of speed and current; 2) dy- 
namic check of speed, torque, and 
current; 3) second dynamic check of 
speed, load, and current at any point 


on the curve, or stall current and stall 
check. This 
initiated manually by 
start button for each phase, or 


torque control sequence 


mav be a single 
it may 
be sequenced automatically. 


Automatic testing is done by regis- 


tering acceptance of minimum speed 
of a motor 


The 


rately by a 


at a given torque setting. 


torque setting is established accu- 


Magtrol brake. which is 
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THE VERY FINEST 
VINYL INSULATION SLEEVING 
FOR EVERY NEED! 


Whatever your requirements in vinyl insulation 
sleeving, tapes or lacing cords, Resinite has a 
material that will do the job superbly well. Ex- 
haustive research, careful compounding, metic- 
ulous manufacturing and rigid inspection have 
made Resinite the largest supplier of specifi- 
cation vinyl insulation sleeving to the aircraft 
and electronics industries. Sold by leading dis- 
tributors throughout the United States. 


LOW TEMPERATURE 


MIL-1-7444(A)2. This USAF specification is met 
and exceeded by Resinite EP-93. For extreme 
low temperature use (—90°F) flame and fungus 
resistant. Approved in all three size ranges. 


MULTI-PURPOSE 


MIL-I-631C. All requirements for Grades a and b 
of this multi-purpose specification — wide tem- 
perature range, high dielectric strength, corro- 
sion, fungus and flame resistance — are met 
by Resinite EP-69A. Grade c (high temperature) 
is met by Resinite Hi Heat 105A. Where fungus 


and flame resistance are not required, Resinite 
EP-2 is suitable. 


HIGH TEMPERATURE 


U. L. 105°C GRADE.* For continuous operation 
at 105°C with good resistance to oils and 
chemicals. Met by Resinite Hi Heat 105. 


Resinite Super Heat 125* is far superior to nor- 
mal grades of 105°C sleeving. Exceptional re- 
sistance to cut-through, oil, varnish, pitch. High 
dielectric strength. Operating range is from 
— 42°C to 125°C. 


* Approved for use in U.L. listed devices. 
ABRASION AND 
CGUT-THROUGH RESISTANCE 


ASTM D 372-53T NEMA VS1-1950 MIL-I-3190/A 


These specifications are exceeded by Resinite 
Vinyl-Glass, a specially woven and treated fibrous 
glass sleeving covered with a superior grade of 
vinyl. Dielectric strength to 8000 volts min. 


Call your Resinite distributor or write for samples and performance data. 


Resinite 


Resinite Department 

THE BORDEN COMPANY 
Chemical Division 

Box 1589, Santa Barbara, Calif. 
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capable of repeating a given torque 
when impressed with the same control 


HIGH Controls current, regardless of speed. Accept- 
ance or rejection is indicated on pilot 

: lamps in front of the operator, which 

; UD ie) A will hold the results of a motor check 

ey Te id ] | until the operator has marked it. 


| Magtrol, Inc., 38 Virginia Place, But 
oe cc 
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DUST, OIL-TIGHT | 
LONG LIFE ELECTRICAL INSULATION 
VERSATILE LAB TESTER 
eee ALAS Model 122. a 16 Ib portable electrical 
insulation tester, quickly checks in- 
sulation of products for resistance, 
power factor, and breakdown strength. 
Used in the engineering lab. in field 
Machine toot and other testing. and in maintenance service, the 
equipment applications are tester features a sensitive voltmeter, 
“naturals” for this Acro high 
capacity switch, which can con- 
trol up to four separate circuits 
on either pilot or line duty. 


Actuator is adjustable 360° in 
two planes. 


ELECTRICAL RATING 


2 H.P. 230 Volts A.C. 
1 H.P. 115 Volts A.C. 
20 Amps — 250 Volts A.C. 


Two types available: Double 
Action Type actuates switch 
contacts when actuator is 
moved either side of ‘‘at rest” 
position. Single Action Type 
operates from one side of ‘‘at 
rest’ position only. Both are compensator for cancelling 
designed for long life under effects. 
heavy use. 


a dual-range leakage microammeter, 


capacity 
continuously variable testing 
voltage. high sensitivity are detector, 
and limited current output for safety. 
Requires no warm-up period, and is 
permanently calibrated. 

Model 122 has a test voltage range 
AVAILABLE TYPES to 2100 volts a-c with a 0/100/1000 
pamp leakage meter providing an 


Catalog No Circuit Arrangement No. Terminals Action overall useful range to more than 200 


242-0003-03 Four circuits (two open, two closed) Double 
242-0011-03 Four circuits (two open, two closed) Single 
242-0010-03 Double circuit (one closed, one open) Double 
242-0012-03 Double circuit (one closed, one open) Single Circle No. 573, Reader Inquiry Service Cards 
242-0019-03 Double circuit (normally closed) Double on page 17 

242-0017-03 Double circuit (normally closed) Single 


242-0020-03 Double circuit (normally open) Double TOROIDAL CORE GRADER 
242-0018-03 Double circuit (normally open) Single 


megohms a-c insulation resistance. Arc 
detector sensitivity is better than 20 
wamp. Slaughter Co., Piqua, Ohio. 


Model BPA Permeameter grades pow- 
dered iron and Mo-permalloy toroidal 
cores in percentage-of-nominal-turns 


deviation, plus or minus. from a stand- 
Told mplete 


ae % ard coil. For example. a standard coil 


r ric arsd i Mention ACRO Ma ine Tool Switch! ot 


inductance requires 1000 turns of 


ATG Kohertshaw eb crt 
ACRO DIVISION - Columbus 16, Ohio 
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New app iance sales 
keep popping up, too 


...thanks to dependable Inconel thermostat springs 


Satisfied customers are people in the mood 
to buy again! 

And nothing satisfies like a truly depend- 
able product. That’s why Superior builds 
dependability into its Princess “500” auto- 
matic pop-up toaster, builds it with an 
Inconel* nickel-chromium-iron alloy 
thermostat spring. 

At Superior, they know from experience 
that Inconel hot springs do the job they’re 
designed to do — and keep right on doing it 
for the life of the appliance. 


What's the secret of this 
long-term dependability? 


Simply the unusual combination of proper- 
ties of Inconel alloy. 


e@ Inconel alloy retains its spring properties 
for thousands of thermo-mechanical 
cycles ... has high fatigue strength and 


low relaxation rate at temperatures up to 
650° F. 


e It resists corrosion and oxidation. Doesn’t 
deteriorate from dampness in parts stor- 
age or in appliances. 


e It remains non-magnetic down to sub- 
zero temperatures. There’s no pick-up of 
metal particles to cause trouble in welded 
contacts. 


Another useful property is resistance to 
shock and vibration. And spring temper 
Inconel alloy fabricates readily, welds easily. 


Planning new products? Then you'll proba- 
bly want a copy of Inco Nickel Alloy Helical 
Springs. Its 34-pages of comprehensive en- 
gineering data will help you take advantage 
of the properties of Inconel alloy or one of 
the other Inco Nickel Alloys. For your copy, 
just write. 


The International Nickel Company, Inc. 


67 Wall Street iXCO New York 5,N. Y. 


INGO NICKEL ALLOYS 
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wire on a core selected as nominal. A 
typical reading for another core might 
be + 1.5 per cent. Therefore, this core 
requires 1015 turns to have the same 
inductance as the standard coil. 

Model BPA 


eliminates nearly all labor used in 


Consequently, use of 


trimming coils to inductance, assures 
product uniformity and simplifies engi 
neering design. Two meter ranges pro- 
vide readings of + 10 per cent and 
+ 5 per cent. In operation, the core 
under test becomes part of a tuned 
deviation from the 
standard center frequency is detected 


circuit and = any 


by a linear frequency discriminator. 
This deviation is then read on the 
meter in percentage of nominal turns 
as compared with a core selected as 
the standard. 

The instrument handles cores rang- 
ing in permeability from 14 to 125 and 
sizes from 0.3 in. ID to 5.28 in. OD. 

» 


Accuracy of reading is 0.25 per cent: 
large meter reads to 0.1 per cent. The 
Boesch Manufacturing Co., Inc... 45 
River Road. Danbury, Conn. 
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PORTABLE D-C 
POWER SUPPLY 
This line of 


power supplies is designed for use in 


portable regulated d- 


research and development labs. pro 
duction line testing, computers, bread 
board aviation, and_ field 


types of 


set-ups. 


servicing of all electronik 


equipment. Features include a contin 


UOUSIS variable 


output. high-voltage 
vernier adjustment, easy to read 21% 
in. meters. a sloping front panel, and 
a full load rating over the entire volt 
age range. 

Specifications are: d-c output 120 to 
300 volts at 0 to 100 ma (Model PR 
100). 0 to 200 ma (PR-200) : a-c output 
6.3 volts at 3 amp center-tapped (PR 
100), 6 amp center-tapped (PR-200) ; 
regulation 0.1 per cent for line varia 
tions from 105 te 125 volts a-c. 0.1 per 
cent for no load to full load: ) 
impedance less than 2 ohms: 


internal 
ripple 


less than 10 mv: and overload protec 
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if your design calls for CLUTCHES. 


MAXITORQ 
electric clutches 


PROVED design, Floating Disc action is fast and positive, with no 
heating or drag in neutral. Compact, simple, with few moving parts. 
For WET or DRY operation: Electrical operating unit DOES NOT 
REVOLVE; no brushes or slip rings. Use easily replaced standard 
Disc-Pac. Requires no adiustment. Wide range of standard sizes, 
single and double types. All sizes rated 80 watts, operate on 110 
V,A.C., rectified to 90 V,D.C. Other voltages on special order. 


overload 
release clutches 


One of the simplest and most efficient methods of providing a 
DEPENDABLE and easily adjusted overload release on machines 
requiring this safety feature in addition to a clutch. Incorporate all 
the advantages of MAXITORQ Floating Disc design plus automatic 
and complete release upon overload. Proved in service. Available 
in a wide range of sizes. 


4 


standard floating 
disc clutches 


MAXITORQ offers you PROVED 
performance in every type of service with the following important 
advantages: compact design with few and sturdy parts... 
floating neutral with no heating or drag .. . positive engagement 
or release with light pressure ... manual assembly and adjustment 
... full power transmission... full range of sizes and types... 
supplied as complete, easily installed units. 


disc-pac 


The “heart” of the SERVICE-PROVED Maxitorq Floating Disc Clutch 
in a compact, assembled unit for those who wish to design and 
build their own clutch mechanisms. Supplied as complete units 
ready for use in 8 diameters 2” to 8”, up to 800 ft. Ibs. capacity. 
Also useful as a multiple disc brake or torque limiting device. 


Write for complete data and specifications on any or all of the 
above. If you have a problem involving clutch applications, consult 
us. A letter or phone call will receive prompt attention. Dept. EM-10. 


g AT THE CARLYLE JOHNSON MACHINE COMPANY, MANCHESTER, CONN. 
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a MOTOR 
fo your 


specifications 
at NO 
OBLIGATIO 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we’ll 

design a custom motor to fit 
your needs at a standard price. 


For more than twenty years 

Scruggs has concentrated on 

the development of precision 

instruments to fit the specific 

needs of manufacturers. 

High production 

standards allow us to 

produce them at LOYD 

standard costs. etc 
| 


You'll find Scruggs 

motors outstanding in 
construction and lasting 
qualities. Let us “tailor 

make”’ a motor to fit 

your needs... write 

Loyd Scruggs Co., Festus, Mo. 


ptr COMPANY 


FESTUS, MISSOURI 
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tion. Size of each supply is 8°, in 
high x 6% in. wide x 167% in. deep. 
Weight is 221% lb for the PR-100 and 
25'% Ib for the PR-200. Finish is gray 
wrinkle. Nutron Manufacturing Co., 
Inc.. 67 Monroe Ave., Staten Island 1, 
n.-¥.. 
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400-CYCLE PHASE METER 


Designated Model 122-236. this compact 
panel-type instrument consists of a 
phase-sensitive vtvm and a calibrated 
phase shifter. Null-type operation as- 
sures +1 deg accuracy over a selected 
range of +20 to 20 and 160 to 200 
deg. The pushbutton polarity switch 
provides an instantaneous indication 


of whether the signal is closer to 0 o1 
180 deg phase relation with the refer- 
ence. 

All components are hermetically 
sealed and the indicating meter is 
ruggedized per MIL-M-10304. The 10- 
megohm input impedance and input 
signal range of 300 mv to 800 my 
allow measurements to be made in 
low level circuits without loading 
Signal terminals are isolated from 
power and case. With a_ frequency 
range of 380 to 420 cps, the instru- 
ment can use any reference voltage 
from 3.15 to 30 volts a-c. Trio Labo- 
ratories. Inc., 4025 Merrick Rd.. Sea- 
ford, N.Y. 
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POWER OSCILLATOR 


Designed to meet prec ision require- 
ments of missile system tests, 400 cycle 
gyro testing. time correlation, work, and 
power sources for critical require- 
ments. power — oscillator (cabinet 
model ) DK-102 or (DK-102R) offers 
a high-Q LC tuned circuit and voltage- 
sensitive bridge combined in a circuit 
employing a large amount of negative 
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Now! A Complete Line of Self-Locking 
Microsize UNBRAKO Socket Cap and Set Screws 


Nos. 0, 1, 2 and 3 in alloy steel and stainless steel 
are available with the Nylok” feature 


You effect major economies in time and money 
when you design and assemble small devices with 
self-locking microsize UNBRAKO socket screws. 
These close tolerance screws won't work loose. 
They simplify standardization of small devices 
where maximum reduction of weight is required 
without sacrifice of strength. They eliminate the 
necessity of designing costly special screws to 
fasten tiny parts in compact assemblies and they 
prevent the waste of production time while waiting 


for delivery of special screws. 


In addition to having the overall advantages of 
microsize UNBRAKO socket screws, these screws 
can be used in holes tapped in soft or die cast 
materials without stripping threads and ruining 
expensive work. Also the set screws can be used 
with hardened shafts, since they lock against the 
threads of the tapped hole. 


All UNBRAKO socket screws can be supplied with 
the self-locking Nylok feature. The UNBRAKO 
with Nylok is a single self-locking unit. No 
auxiliary locking devices are needed. Seated or 
not, the screw locks positively wherever wrenching 
stops, won’t work loose—because the tough resil- 


ient nylon pellet forces mating threads together. 


Ask your authorized industrial distributor for 
details today. He carries complete stocks of self- 
locking UNBRAKO socket screws (caps and sets 
from #0 through | in., button heads #4 through 
Ye in., flat heads from +4 through % in.). Or 
write us for literature and samples. Unbrako 
Socket Screw Division, STANDARD PRESSED STEEL 
Co., Jenkintown 9, Pa. 


*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


We also manufacture precision titanium 


fasteners. Write for free booklet. 


HEAT-TREATED ALLOY STEEL 
Self-Locking Microsize UNBRAKO 
Socket Cap Screws 
Class 3A Threads 
Threads N 


. Lt Pellet Torque 
| ssid Over- Location 





Screw Size , 1st off | 5th off 
NC NF stat. stat. 
| min. min. 
.104 80 Ye | ; 14.0% 7.0% 
.060 80 |. 14.0% 7.0* 
.060 80 Bs 14.0% 7.0% 


80 ; 14.0% 7.0% 


72 - ; : 28.0% 14.0% 
v2 ; 28.0* 14.0* 
72 aA ; 28.0* 14.0* 
4 | j 28.0* 
56 I. } — | . 3.0 
56 ( : E 3.0 
56 y i | : 3.0 
56 |. . 3.0 
48 ¥ } 6.5 
48 Me 4}. 1 — | ’ 6.5 
48 s } — | Oo | 65 
48 |. | 40.0 | 6.5 


° 
3 


TOF PINTO F>Y 























* Measured in in.-gm. (those not marked with a star are measured in in.-oz.) 


HEAT-TREATED ALLOY STEEL 
Self-Locking Microsize UNBRAKO 
Socket Set Screws 
Class 3A Threads 
Threads . 


ned Pellet Torque 
P r Location 





Screw Size | Ist off 5th off 


} stat. stof. 
min. min. 
14.0% 7.0% 
14.0* 7.0% 
14.0% 7.0% 
14.0* 7.0% 
14.0* 7.0% 
28.0* 14.0* 
28.0* 14.0* 
28.0* 14.0% 
14.0% 

1.5 
1.5 
1.5 
KS 














* Measured in in.-gm. (those not marked with a star are measured in in.-07.) 


Self-locking microsize UNPRAKO socket cap and set screws are available 
in sizes #0 through #3, in heat treated alloy steel (plated or unplated) 
and stainless steel, at your authorized industrial distributor. He also 
carries a complete stock of other self-locking UNBRAKO socket screws. 


Jenkintown * Pennsylvania 


Standard Pressed Steel Co. « 


tee! Ff ment ( e 
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BARBER-GREENE Depends on 
Baidor Streamcooled Motors 
to Power its Asphalt Batch 
Piants & Belt Conveyors! 


Despite the most torturous use, plus 
the constant hazard of dust and dirt, 
Baldor Streamcooled Motors keep 
famous Barber-Greene equipment 
operating at top efficiency, 

day after day. 


This kind of superior performance has 
earned Baldor an enviable reputation 
among many outstanding 

heavy equipment manufacturers. 


If you have a power problem that 
demands the utmost in motor 
performance, perhaps Baldor 

can help you, too! 


Find out why you get more with Baldor 
—write for FREE color catalog! 


i. 


BALDOR ELECTRIC COMPANY 


4353 Duncan Ave. St. Louis 10, Missouri 
Over 400 Authorized Sales & Service Distributors in U.S.A. 


District Offices: Atlanta « Chicago « Cincinnati « Cleveland « Dallas « Des Moines « Detroit ¢ Indianapolis 
Litchfield, Conn. « Los Angeles « Milwaukee « Minneapolis « New Orleans « New York « N. Kansas City, Mo. 
Oakland « Philadelphia « Portland, Ore 
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feedback. Adjustment to varying load 
conditions is almost instantaneous and 
takes place in a cycle or two. The 
DK-102 has nearly zero output imped- 
ance and is designed for applications 
where tuning fork frequency stability, 
absolute voltage values, low output 
impedance and distortion, and high 
power capacity are required. 

Specifications are: frequeney—250 
cps to 15,000 cps: frequency stability 
£0.5 per cent max. under usual am- 
bient conditions, +£0.02 per cent max, 
per +10 volts variation in line voltage, 
“0.5 per cent max, zero to full load: 
power—-2 watts: voltage—10, 30 and 
100 volts rms, with floating, center- 
tapped output; distortion—0O.1 per cent 
max harmonic content, 0.05 per cent 
max a-c hum, 0.01 per cent max noise: 
amplitude = stability--*0.1 per cent 
max under usual ambient conditions. 
+0.02 per cent max, per +10 volts 
variation in line voltage. =0.2 per cent 
max. zero to full load. Electronics 
International Co.. 145 W. Magnolia 
Blvd.. Burbank, Calif. 
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SYNCHRO INDEX STAND 


This index stand is a mechanical device 
designed to hold and accurately locate 
the rotor shaft of a synchro to a de- 
sired angular position with respect to 
the stator, and is used in conjunction 
with other test equipment to determine 
such synchro parameters as electrical 
error (accuracy), transformation ratio, 
perpendicularity. and fundamental and 
rms null voltages. 

The stand is enclosed in a dustproof 
case and is designed so that adapters 
for holding size 8. 11. 15 and 18 


synchros may be interchanged without 
affecting the calibration of the stand. 
Rapid insertion and removal of the 
synchro under test is accomplished by 
approximately 90 degree rotation of 
adapter hous'ng. 

Features include: collets for holding 
rotor shafts of various sizes and types 
for synchro sizes specified above are 
available according to customer re- 
quirements: accuracy tests can be per 
formed at 5 deg intervals throughout 
360 deg of rotation; calibration to 
within 21 sec of arc between any two 
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ARLE 
electrical wonder rubber OFFERS TRIPLE VALUE 


Performance! Versatility! Economy! In all three, Enjay Buty] is the world’s 
outstanding rubber value. In laboratory tests, and a wide variety of applica- 
tions, no other rubber has matched Enjay Butyl’s ability to resist ozone and 
corona, impact and abrasion, moisture and weathering... properties that 
make Enjay Butyl-made products outstanding performers. 


Underground service cables, transformer housings, high-voltage industrial 
cables ...in these, and many other electrical applications, Enjay Butyl out- 
performs and out-lasts all other types of rubber, synthetic or natural. Low-in-cost 8 U T Y d 
and immediately available, this truly wonder rubber may well be able to cut 
costs and improve performance in your products. For further information, 


and for expert technical assistance, contact the Enjay Company. Enjay Butyl is the greatest rubber value 


in the world . . . the super-durable rubber 
Pioneer in Petrochemicals with outstanding resistance to aging « 

abrasion « tear « chipping « cracking « 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. ozone and corona « chemicals « gases « 
Akron Boston * Chicago * Detroit * Los Angeles * New Orleans + Tulsa heat + cold « sunlight + moisture. 
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WHAT Do YOU 
USE TO MEASURE 
LEADERSHIP? 


in this highly technical age “close 
tolerances” are required standards .. 
and, product wizardy is being worked 
today by many nationally known com- 
panies through the use of... 


SPARTA’S 


PROVEN AND PATENTED PROCESS 


(Pat. No. 2,781,552) 
of Custom Molding in Thin 
Sections and Shapes, parts of 


TEFLON* 


whose properties are unmatched 
by those of any other single 
material . . . 


. offering product improve- 
ment opportunities to designers 
of electrical equipment never 
before possible. 


WHEN YOU THINK OF 
TEFLON 


THINK OF SPARTA 


® Trained staff of Fluoro- 
carbon Engineers 

® COMPLETE stock of all 
standard Teflon products 

® Precision engineered parts 
for rigid quality control. 


THE FIRST 
COST CAN 


WRITE for Cone 


vices, 
plete dave ty and BE THE 


LEAST... 
IF IT IS THE 
LAST COST! 


*DuPont's tetrafluoroethylene resin. 


SPARTA MANUFACTURING CO. 


5 deg positions; a micrometer head 
with drum dial marked off in 60 sec 
increments for making fine adjustments 
and reading synchro error; micrometer 
range approximately | deg: three oper- 
ating positions for the synchro housing 
clamp: insert, null, and test. Kearfott 
Co., Inc., 1378 Main Ave., Clifton, N. J. 
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FREQUENCY DEVIATION 
METER 


Model 6005 permits rapid direct read- 
out of the deviation of a_ frequency 
from 1 to 10.000 cps in ppm +1 count. 
It consists of a preset counter section, 
gating and controlling circuits, a tem- 
perature-regulated crystal-controlled 1 
me oscillator, and a display section. In 
operation the preset decade counting 
units are set to the frequency to be 


eeer 


° 


checked. This automatically establishes 
a l-sec gate. allowing pulses from the 
oscillator to be fed out to the display 
section for precisely 1 sec. Any de- 
parture from a read-out of 000000 in- 
dicates the deviation of the frequency 
being checked from its correct fre- 
quency. 

Specifications include: frequency 
range: 1 to 10,000 cps; accuracy: +1 
count; stability: short term: 1 part in 
1,000,000; long term: 3 parts per 1,- 
000,000 per week; display time: 1 sec. 
read-out: 6 digits: time base: one sec- 
ond when preset decades are set to 
frequency of unknown; construction: 
weight: 48 lbs: dimensions: 8°4 in. 
x 1854 in. x 1354 in. Computer-Meas- 
urements Corp., 5528 Vineland Ave.., 
North Hollywood, Calif. 
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BOBBIN WINDER REQUIRES 
NO CAM OR GEAR 
CHANGING 


This compact bobbin winder requires 
no cam or gear changing and has an 
infinitely adjustable winding traverse 
between 14 in. and 3% in. Model 412- 
AM measures only 31 x 23 x 16 in. 


al eT 


Be ee Ae 


we: 


Pan 


eee 


2 EE, 
Ae 


‘DIAMOND Hi’ 
SERIES W 


General 
Purpose 
Relays 


' MEASURE ONLY: 


14%°=x1%" x1" 


BUT CARRY: 


to 25 A. resistive at 115-230 V., 
A. Oo. 4 Be. 320 ¥., 2 h.p., 
250 Vv, ASS. 83.0. and other 
higher ratings on request. 


CONTACTS: 
DPDT, Double Break-Double 


_ Make (Form Z). Special ar- 
; rangements and sequence on 


request. 


__ MOUNTINGS: 
| Socket, panel and sidewall ar- 


rangements standard; others 


; to meet special needs. 


“Diamond H” engineers are 


- prepared to work out varia- 
' tions of these rugged, depend- 

| able relays to meet your spe- 
' cific requirements in such ap- 


plications as automation 


_ controls, appliances and air 


conditioning equipment, or 
what you will. Just ask. 


THE 


HART 


MANUFACTURING 


COMPANY 


211 Bartholomew Avenue 
Hartford, Conn. 


Phone Jackson 5-3491 


Ue ee (less tension) and winds all types of 


TY ae random-wound bobbin coils and _ sole- 


WESTERN DISTRICT OFFICE noid, relay and repeater coils. Belt- 
Phone: ANGELUS 3-6359 Los Angeles, California’ | driven spindle permits maximum coil 


SLT Le 


ere * 
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tools for digital techniques in the laboratory 


It wasn’t long ago that the average digital specialist was spending more 
time breadboarding than he was solving problems. Long on ideas, he 
was woefully short on tools. That’s why Burroughs organized the Electronic 
Instruments Division—to supply the digital specialist with the laboratory test 
equipment his technology demands. And it has! 

Today E.I.D. offers the laboratory working in digital techniques specialized 
equipment and services in these three major areas: 

(1) Logical Building blocks. Unitized Pulse Control Equipment that brings 
block diagrams to life in minutes for the solution of logical problems. . . 
permits fast test set-ups for testing components, circuits, systems. 

Plus the BCT-301, a complete system for putting magnetic cores in a 
simulated system and observing their performance. 

) Special purpose laboratory test equipment. A group of instruments 
implementing the use of precision digital methods in comparison, 
measurement, and counting. Typical units are a precision delay generator 
... high frequency pulse generator . . . a device for displaying up to 
ten separate inputs on a scope face simultaneously .. . and a calibrator 
especially designed for measuring peak amplitude in millivolts. 

Complete systems design. When design and test requirements are 
extremely complex, E.I.D. will design, develop, and install a complete 
system . .. such as complete core memories, memory plane testers, 
digital computer subsections. 

If you’d like to learn more about any particular area of E.I.D. service, 
we'll be happy to send you all the information available. You need only request 
it. But if you have a particular problem, why not send it along to us now. 

We'll gladly work with you in developing a solution. There’s no obligation. 


BURROUGHS CORP. - ELECTRONIC INSTRUMENTS DIVISION - Department F - 1209 Vine Street - Philadelphia 7, Penna. 
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OD of 4 in., wire sizes 19 to 46 and 
turns-per-inch range from 26 to 700. 
There are two pulley ranges, one for 
high speed up to 5000 rpm and the 
other for low speed high torque. 

\ new design feature incorporating 
a jogging switch permits adding turns 
at the winding cycle’s end without re- 
setting counter. Optional safety attach- 
ment protects operator by stopping 
machine instantly if wire breaks or 
wire supply is exhausted. Set-up time 
is minimized because there is no gear 
or cam changing, maximum loading 
distance for multiple winding is 8% 
in. and output end of spindle is 1% in., 
flatted shaft. 

Supplied with the machine are ten- 
sion motor, automatic counter, mag- 
Si Ad d S - iff mn netic brake, positive locking compres- 

igma vance cientl 1C eam sion-type tailstock, reversing magnetic 
: : : clutches, fingertip re-settable wire 
... constant challenge to the pinnaticerebric guide, emergency safety stop, single 
shot lubrication and 3-second slow 
Original exploration by Sigma’s staff “Square” to his colleagues) has made an start feature. Stevens Manufacturing 
scientists at the top level often yields not electrifying suggestion concerning the Co., Inc., Pulaski Road at Peterson. 
only marvelous new concepts, but occa- Series 8000 Magnetic Amplifier Relay: Chicago 30 TIl. 
sional answers to lower order problems plug it in to see if it works! Here is the Circle No. 580, la Service Cards 
as well. In the unposed scene above (our kind of unfettered, creative thinking that 
last meeting), world-renowned theoretical has made all industry react swiftly at the 
application engineer Ansbacher (plain mention of our name. 


KONRAD R. M. S. ANSBACHER (STANDING) LEADS DISCUSSION OF 
SIGMA DEVELOPMENT WITH A VARIETY OF SECTION HEADS. 


a ; op iN UHF MILLIVOLTMETER 
Carrying on from their leader’s initial dis- 


covery, the group rapidly uncovered more Type FT-URV millivoltmeter, designed 
and more secrets of the “Mag-Amp“ —some for calibrating signal generators, for 
by intensive thought, others by unsoldering determining exact signal levels, and 
certain enclosures. It was soon agreed by all for measuring minute voltage levels. 
members that Magnetic Amplifier Relays were has a sensitivity of 3 mv and is usable 
excellent devices for detecting unbalance (a from 1 ke up to 2000 me when operated 
sizable number are in use at Sigma’s own with an accessory insertion unit. When 
plant), and comparing the outputs of low 
impedance D.C. signal sources. On went 
the discussion, out came the applications, 
higher and higher rose the enthusiasm as 
each new specification was added to the list. 
Predictions flew of uses in temperature control 
devices with thermistor bridges, thermo- 
couples and such, light-sensitive equipment, and wherever 0.1 microwatt is the most 
you can get to switch 1 to 5 ampere loads at 120 VAC. A caution was voiced over 
the Magnetic Amplifier Relay’s slow speed (30-300 milliseconds), but was cast aside 
as usually not a consideration. Final moments were devoted to eulogizing such virtues 


as ruggedness, long life (in the millions) and availability in practically any state of used with the meter’s probe, the upper 


frequency limit is 300 me as a volt- 
meter or 2400 me as an indicator. The 
instrument has a voltage range from 


2 


3 mv to 10 volts (without dividers) 
*Literally, "Success, from eloquent confusion", but generally interpreted and 9 me to 500 volts (with dividers). 


Go, before you get things any more confused.” The insertion unit has a 50-ohm 

SIG M A IN ST R U M EN T S IN C characteristic impedance and the vswr 
. ° is less than 1.2 to 1. This unit is con- 

nected in series with the coaxial line 


completeness and with whatever Sigma relays necessary to suit the customer’s whims. 
In the warm camaraderie that comes from the knowledge that one of their products 


is both useful and in production, the distinguished little group rose and in unison 
repeated their oath: "Exitus, ab eloquentia confusio “~ 


60 Pearl Street, South Braintree 85, Massachusetts 
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DRIVER-HARRIS ALLOYS AT WORK IN PRODUCT ADVANCEMENT 
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(1) commutator segment 
(2) silver-graphite brush 

(3) Nichrome V resistor 

(4) vitreous enamel 

(5) autotransformer winding 


Path of circulating currents (6) 
showing blocking action of 
Nichrome V resistors (3) 


Nichrome V limiting resistor solves 
age old brush problem in Ward Leonard Dimmers 


This Ward Leonard 6.6 KW Radiastat' Dimmer is essentially 
a specially designed core type autotransformer whose output 
voltage is linear, furnishing smooth, stepless control from maxi- 
mum to zero. Other notable features are: Highest rating in 
smallest size and longer, maintenance-free life. 

Nearly all adjustable autotransformers depend upon carbon 
brushes to limit the short-circuiting current which occurs when- 
ever the brush straddles two segments. However, in the Radia- 
stat Dimmer, circulating currents are kept to a minimum in a 
unique way, permitting use of self-cleaning, self-lubricating, low 
resistance silver-graphite brushes. 

In the Radiastat, each segment is electrically connected to 
its respective turn of the winding through a Nichrome V cur- 
rent limiting resistor. During commutation, the main winding 
is protected against burnout from high short-circuiting currents 
thereby eliminating external resistors or high resistance brushes. 


These all important resistors (one for each segment) connect 
to the segments beneath the vitreous enamel and run out and 
up to connect with the winding. They protect every step of the 
Radiastat, regardless of the contact arm position—drop a penny 
or a nail across adjacent segments—there’s no pouff! no burnout! 
The Nichrome V circulating current resistors completely safe- 
guard the unit. 

Nichrome V is used because it supplies a specified ohmage 
in a #10 wire 3%s” long; bonds well with the vitreous enamel; 
is highly resistant to heat and corrosion, and easily withstands 
severe current surges. 

Driver-Harris now produces 132 different high nickel alloys 
in many different forms and in hundreds of sizes for almost 
every kind of industrial application. Do you need help with a 
special alloy? Tell us about it and if we haven't got it, we'll 
develop it for you. 


Driver-Harris Company 


HARRISON, NEW JERSEY « srancues 


Distribut AN E ( 5 Ange 


0 ° in Canada; The B ENING WIRE COMPANY, Ltd., Hamilton, Ontarie 
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Discover the advantages of GLASTIC ! 


eee 


siaaestd 


HEAT EXPOSURE 
Pata ree tS 


AT 150°C. 


GLASTIC Class B electrical insulation 
won't warp or shrink under high heat 


Both laminates in the photo were exposed to 150° C. for 200 
hours. CE phenolic warped, shrank and became brittle; Glastic 
Grade TS retained 100% of original planity, 99.92% of original 
length, and 100% of original impact strength. Al] Glastic laminates 


are dimensionally stable during and after exposure to Class B 
temperatures (125°—150° C.). 


Does this suggest more trouble-free performance and increased 


value for your product? Or material savings through the use of 
thinner sections? 


Tell us your requirements; Glastic engineers are ready to help 
you. We'll send free samples for your evaluation. Or write for 
our new chart that lists 28 thermal, physical and electrical prop- 
erties of 11 standard Glastic grades. 


“ 
Class B Insulation eS. at Class A Prices. 
= . eS 
<™ 
a 
Se TM 


s YS 


THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 
Laminates e Fabricated Parts « Custom Molding e Extruded Shapes 
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carrying the voltage to be measured. 
The voltage probe has input resistance 
values between 100K ohms at 100 ke 
and 3K ohms at 300 me. Type FT-URV 
has four voltage dividers (supplied 
with the inatewenant } with ratios of 
S2h,. 20:1, :1 and 50:1. These extend 
the measuring range to 500 volts and 
reduce the input capacitance to less 
than 1 puf. The instrument has an 
overall accuracy of £15 per cent in- 
cluding frequency response, scale fac- 
tors and voltage dividers. Federal Tele- 
phone and Radio Co., 100 Kingsland 
Road, Clifton. N. J. 
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TEST JIG FOR 
MAGNETIC CORES 


Designed for precision testing of mag- 
netic tape wound bobbin cores, the jig 
provides a means of applying either 
positive or negative current driving 
pulses to the core being tested. It in- 
corporates circuits permitting direct 


viewing on an oscilloscope of the cur- 
rent pulse at the point of application 
to the core and also the output pulse 
induced by the switching of the core. 

The jig is available in two models, 


Types 8040 and 8041. the difference be- 


tween them being the size of bobbin 
flange each will accommodate. In opera- 
tion they are identical. The core is in- 


Circle No. 582 Reader Inquiry Service Cards 
on page 17 


Postcard return cards are pro- 
vided on pages 17 & 19 as a 
convenience to the reader in 
obtaining 
New Components 
and Materials 
Additional data from the 
supplier of any item re- 
viewed. 
Literature for the 
Design Engineer 
A copy of any manufac- 
turer's publication reviewed. 
Feature Article Reprints 
Single copies of selected 
feature articles. 
Advertised Products 
More information on = any 
product or service described. 
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serted into the jig by placing it be- 
tween two pairs of sensing pins. When 
the cover arm is pulled down, the two 
pins in each pair are connected, form- 
ing a tight, single-turn winding on each 
side of the core. In both models, the 
pin spacing is adjustable in order to 
assure a tight loop around the core for 
different size bobbins. 

Types 8040 and 8041 test jigs have 
been designed as part of core tester 
BCT 301, a complete system for indi- 
vidually testing tape wound cores. Elec- 
tronic Instruments Div.. Burroughs 
Corp., 1209 Vine St., Philadelphia 7, 
Pa. 
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TRANSISTORIZED ELECTROM- 
ETER COMBINES SENSITIVE 
VTVM AND D-C AMPLIFIER 


Dual-purpose Model 220 d-c VTVM 
couples a versatile d-c amplifier with 
a sensitive broad-range electrometer. 
Instrument has eight ranges from 30 
mv to 100 volts full scale and provides 
gains of 0.05 to 167. 

The line-operated instrument features 
10'* ohms input impedance and uses 
balanced circuits to drive a three-stage 
push-pull transistor amplifier. Drift is 


less than 3 mv per hour after a 1-hr 
warm-up: accuracy is within 2 per 
cent of full scale. 

Typical measurements include volt- 
ages in transistors, charged capacitors, 
d-c amplifiers and computers. 

Model 220, with its available acces- 
sories, can measure voltages as high as 
20 kv, currents down to 5 x 10% amp, 
and resistances up to 1016 ohms. 

Other features include: two separate 
outputs, +5 volts and +1 ma to 
drive sensitive recorders, scopes and 
amplifiers; simple operating controls: 
compact size; and insensitivity to line 
voltage variation. Keithley Instruments 
Inc., 12415 Euclid Ave., Cleveland 6, 
Ohio. 
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Discover the advantages of GLASTIC ! 


CHL TAY 


GLASTIC Class B electrical insulation can 
save you up to 70% of fabrication costs 


Expensive drilling and sawing, necessary with phenolic laminates, 
is eliminated by specifying Glastic. Even in thicknesses above 4", 
Glastic Grade TS—as well as the other standard Glastic grades— 
may be sheared and punched “cold” without danger of delami- 
nation, cracking or hole-breakout. 


The Glastic engineering staff is ready to help you investigate the 
fabrication savings you may make by specifying Glastic fiber 
glass reinforced polyester laminates Tell us your requirements; 
we'll send free samples for your evaluation. Or write for our new 


chart that lists 28 physical, thermal and electrical properties of 
11 standard Glastic grades. 


eS 
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THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 
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Literature 
for the Design Engineer 


All-new listings of manufacturer's literature just off the press . 


including 


catalogs, manuals and other reference publications relating to components 
and materials for designed-in use in electrically energized end products. 


TIME INTERVAL MEASUREMENTS — 
Nine-page booklet, Data File 112, is 
titled “Time Interval Measurements and 
How to Make Them.” Included are a 
description of time interval meters, 
measurement of pulse width and elapsed 
time, low frequency period measure- 
timing relay operations, and 
measuring velocity with a time interval 
meter. Fully illustrated, Data File 112 
contains diagrams, photos, and schemat- 
ics describing techniques for using 
time interval meters. Beckman/ Berke- 
ley Div., Beckman Instruments, Inc. 
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ments, 


SEAMLESS MECHANICAL TUBING — 
Eight-page bulletin TB-340A, “A Guide 
to the Choice of Seamless Mechanical 
Tubing”, discusses cost and time-saving 
benefits of this type tubing over other 
forms of stock. Included are descrip- 
tions of how seamless tubing is manu- 
factured and finished, and the differenc- 
es in dimensional costs, 
machinability and surface finishes of 
various types of seamless mechanical 


tubing. The Babcock & Wilcox Co. 
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tolerances, 


ELECTRICAL STOP CLOCK Four-page 
bulletin No. PB-691 contains detailed 
descriptions of material, rating, and 
construction specifications of Type 691, 
and also includes an exploded view of 
the device showing design features. All 
operating features are explained in de 
tail with suggestions for specific ap- 
plication possibilities. Cramer Controls 
Corp. 
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TRANSISTORIZED INSTRUMENTS —A 
2-page brochure is available describing 
Listed 
are five test instruments in a self-power- 


10 transistorized instruments. 
ed series, including waveform genera- 


302 


tor, pulse generator, frequency meter, 
transistor curve tracer, and 30 me gen- 
erator. Two power-measuring devices 
are listed, a calorimetric wattmeter 
and peak power test set. In microwave 
instrumentation, the brochure describes 
a klystron power supply, standing wave 
amplifier, and microwave test set. Cubic 
Corporation. 
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PRECISION DELAY GENERATOR—This 
1-page brochure illustrates and de- 
scribes the operation of precision delay 
generator, Type 6010, a laboratory-type 
piece of test equipment. The brochure 
divides the generator into its three oper- 
ating units, trigger generator, delay 
generator, and regulated power supply. 
and describes the operation of each 
unit. All output waveforms from the 
delay generator are illustrated, together 
with the particular specifications for 
each waveform such as rise time, pulse 
width, and amplitude. Electrical and 
physical specifications are included in 
the brochure. Burroughs Corporation, 
Electronic Instruments Division. 
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VARISTORS AND THERMISTORS—Bul- 
letin GR-2 deals with the physical and 
electrical characteristics of Type BNR 
Bulletin GR-3 
physical and electrical characteristics 
of Types B, F and H thermistors. Both 
bulletins contain charts. tables and con- 


varistors. covers the 


version curves relative to applications 
of varistors and thermistors. The Car- 
borundum Co., Globar Div. 
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ENGINE HOUR METER — Twelve-page 
catalog No. 600 describes this instru- 
ment which tells at a glance the actual 
hours and minutes of engine operation. 
Direct and alternating current hour 


meters, as well as flight hour meters 
which record air hours, are detailed as 
to installation, function and the “whys” 
and “wherefores” of such mechanisms 
in production and protective mainte- 
nance fields. Hobbs Corporation. 
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CARTRIDGE HEATING UNIT—-Bulletin 
No. 365 describes the Firerod cartridge 
heating unit. Included are graphs and 
data on how to select the proper type 
and size unit, how to determine watts 
density required for a particular in- 
stallation, proper fit, minimum size re- 
quirements, maximum wattage and 
other installation information. Various 
types of Firerods are illustrated, includ- 
ing moisture-proof units and those with 
threaded fittings. A table of specifica- 
tions (tolerance, type of seals, etc.) and 
a price list are also included. Watlow 
Electric Manufacturing Co. 
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SINGLE TERMINAL FEED-THROUGHS 
AND STAND-OFFS—Drawings and spe- 
cifications for a large variety of stand- 
ard single terminal feed-throughs and 
stand-offs are contained in 12-page sup- 
plementary Catalog No. 657-B. Single 
“Vac-tite” 
glass-to-metal 
chemically bonded compression process 
and in matched seals with metal and 
glass of matching co-efficients of ther- 
mal expansion. Seals are listed in group- 


terminals are produced in 


seals constructed — by 


ings according to types and sizes easily 
identified with specific part numbers. 
Hermetic Seal Corp. 
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SYNCHRONOUS TIMING MOTORS 

Four-page bulletin describes a line of 
high torque synchronous timing motors. 
The bulletin contains complete dimen- 
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design achievements with SUPRAMICA* ceramoplastics 


SUPRAMICA* 555 


ceramoplastic insulation 


increases stability 


AVCO 


STABLE OSCILLATOR 


MY C AL E X Gaia) stilt 


CORPORATION OF AMERICA <ceamomuasts 


GENERAL OFFICES AND PLANT EXECUTIVE OFFICES: | SALES OFFICES: 

CLIFTON BOULEVARD, 30 ROCKEFELLER PLAZA, | CHICAGO — DAYTON 

CLIFTON, NEW JERSEY NEW YORK 20, N. Y. LOS ANGELES — MIAMI 
WASHINGTON 


R-745 ( )/vRC 


Ceramoplastic’s dimensional stability maintains fre- 
quency under extreme conditions to +6 ke at 40 mc 
without crystals . . . doubles channel capacity. 


In one version of the Signal Corps’ New Vehicular 
Receiver R-745 ( )/VRC is an advanced tuning unit 
that eliminates the requirement for many conven- 
tional crystals and their accompanying spurious 
heterodyning problems. Designed for “automated” 
assembly by the AVCO Manufacturing Corporation, 
Crosley Division, this extremely stable tuner utilizes 
a unique continuously tunable oscillator circuit, con- 
sisting of silver ribbon, precision-molded in a base 
of SUPRAMICA 555 ceramoplastic. The total dimen- 
sional stability of the insulation reduces the re- 
ceiver’s frequency drift to only .015% (32.5 - 57.5 mc) 
over a temperature range from —55°C to +75°C. 
This, in effect, doubles the number of usable chan- 
nels on the equipment’s allotted frequency by per- 
mitting 50 ke adjacent channel operation. 


Crosley engineers conducted extensive tests before 
specifying SUPRAMICA 555 ceramoplastic and found 
that no other insulating material provided 
all the properties required: mass reproducibility with 
negligible variations, extremely low electrical loss, 
dependable high temperature operation, insignificant 
moisture absorption, high dielectric strength and 
total dimensional stability. 


This is just one of thousands of SUPRAMICA ceramo- 
plastic products, produced by MYCALEX CORPORA- 
TION OF AMERICA for leading manufacturers. The 
special formulation of SUPRAMICA . . . high quality 
electrical glass - - bonded with SYNTHAMICA; synthetic 
mica . . . can help solve many of your design prob- 
lems. Send for full technical information. 


*SUPRAMICA is a registered trade-mark of the 
MYCALEX CORPORATION OF AMERICA. 


World’s largest manufacturer of glass-bonded mica and ceramoplastic products 
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ERODUCTION TEST 


INSULATION 


RESISTANCE 
Ty * 


VIBROTEST 


Photo courtesy of Fenwal, Inc., Ashland, . . . 

Mass. Insulation resistance testing of 
electrical products with Vibrotest 
instruments—-from the tiny ‘“Ther- 


e CUT REJECTS moswitches” shown above to appli- 


ances, cable harness and large 


e@ INSURE SAFETY motors—is the fast, low-cost way to 


make sure of insulation safety. Vibro- 
@ SPEED QUALITY CONTROL test operation is simple, quick and 


accurate ... instrument design and 

] construction make it ideal for con- 
Write for Vibrotest Bulletin 2¢ tinuous production line and portable 
use. Get details on Vibrotest today! 


ASSOCIATED eT 


2 Ri ae 
“Electrical Testing Instruments Since 1936" hist OCD) OCCA "APY 


3794 West Belmont Avenue © Chicago 18, Illinois 
Field Representatives in Principal Cities 
Export Dept., 549 W. Washington Blvd., Chicago 6, Illinois 
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‘Aeee BIG HELP IN 
pes ay ed 


The COrrect 


The New JONES ced Yering 
FANNING STRIP 


Connections are made through Fanning 
Strip, on bench or anywhere apart from 
barrier strip, and quickly slipped into 
assembly. 


Designed for use with Jones Barrier Ter- 
minal Strips Nos. 131 and 142, for 1 to 
20 terminals. 


Simplifies and facilitates soldering. Insures posi 
tive correct connections. Saves time. Ideal for 
harness or cable assembly. Strong construction: 
Brass terminals, cadmium plated. Heavy bakelite 
mounting 9-141 
Barrier Strip 


Send for complete : 9-161 
a ae eee ae Howarp B. Jones Division 


Faanin 
CINCH MANUFACTURING CORPORATION ? 


basic improvement! rn Strip 


SUBSIDIARY OP UNITED.CARR FASTENER CORP Pat. 
applied for 
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sional diagrams, specifications, and 
characteristics of permanent magnet 
and hysteresis types. These motors are 
designed for original equipment appli- 
cation in the appliance. industrial and 
metalworking fields. The E. Ingraham 
Company. 
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PHOTOTUBES —Illustrated 8-page cat- 
alog No. 257 on phototubes and semi- 
conductor lead-sulfide photoconductive 
cells provides full information, includ- 
ing charts and mechanical specifica- 
tions. on the company’s line. A page is 
devoted to electrical specifications, gen- 
eral characteristics and advantages of 
the company’s phototubes. Continental 
Electric Company. 
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DIGITAL AND ANALOG INSTRUMENTS 

Short form catalog C-704 describes 
twenty new instruments in the com 
pany’s line of digital and analog in- 
strumentation. Fully illustrated, the 
catalog includes for each instrument 
shown, applications and brief perform- 
ance specifications in easy-to-read 
tabular form. Beckman/ Berkeley Div.. 
Beckman Instruments, Inc. 
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D-C TO A-C CONVERTERS— Catalog 
No. 557 presents illustrated listings of 
the new Mark II super converters, in- 
cluding special models engineered for 
industrial service. The catalog includes 
performance charts, dimensional dia- 
grams, converter selector chart for tape 
recorder applications, installation in- 
structions, and a brief description of 
the company’s new factory. Carter 
Motor Co. 
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STAINLESS STEELS—Sixteen-page bul- 
letin No. G-22, “Stainless Steel Data.” 
contains much information on stainless 
steels that has not previously been read- 
ily available. Characteristics of the 
three major types of stainless steels are 
outlined, together with their advantages 
in various kinds of applications. In 
a compact reference table, characteris- 
tics at elevated temperatures are detail- 
ed as to strength and toughness, scale 
resistance, grain growth and structural 
changes. and corrosion resistance. The 
Allen Manufacturing Co. 
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BIBLIOGRAPHY ABOUT ALUMINUM 
FOR DESIGNERS—All available com- 
pany literature and motion pictures 
of possible interest to designers and 
design engineers in the metalworking 
industry are discussed in “Bibliography 
of Information about Aluminum for 
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3M Chemicals opening new worlds of use for epoxies 


Low-viscosity epoxy flexibilizer can help 
you mold more complex shapes more cheaply 


Pour Cardolite® NC-513! You can see 
its low viscosity! 


Extreme fiuidity like this means this 
3M epoxy resin flexibilizer brings you 
two major advantages: 


1) With NC-513 you can flow flexibilized 
epoxies around the most complex shapes, 
without weakening your resin systems 
by addition of solvents. 


2) With NC-513 you can cut costs by 
adding more filler to your resin systems. 


What’s more, epoxies containing NC- 
513 keep their flexibility for extended 
times at both extremely low and ex- 


tremely high temperatures. And be- 
cause NC-513 sets up with the same 
reacting agent as the epoxy, you don’t 
weaken the cured resin. Electrical 
properties, chemical- and age-resist- 
ance are excellent. 


The result, NC-513 by 3M is opening 
new uses for epoxy resins daily . . . in 
electrical potting, encapsulation, tool- 
ing resins, adhesives and countless ap- 
plications where flexibility is essential. 


Major epoxy producers recommend 
Irvington Chemical Division’s NC- 
513. Investigate this 3M chemical. 
Send for a free sample and literature 


by writing: Chemica! Products Group, 
3M Company, Dep’. WC-107, St. Paul 
6, Minnesota. 





CODE 


URING AGENT 


THOUSANDS OF CP: 


VISCOSITY 





IRVINGTON CHEMICAL DIVISION »« CHEMICAL PRODUCTS GROUP t@ 


MA 
S 


..+- where Research is the key to tomorrow 3S 


Minnesota Minine AND Mranuracturine COMPANY 
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You can see the difference 


... not with the naked eye, we'll admit... nor even with bifocals, 
but put a polished and etched sample of our new FLEXOGRAIN 
phosphor bronze under the revealing eye of the microscope and 
compare it with phosphor bronze strip generally available. 
The scientifically controlled, fine grain structure of FLEXOGRAIN 
is great for severe bending and other complex forming operations . . . 
improves fatigue resistance, surface finish and ductility 
. and cuts costly fabrication rejects to a minimum. 
At Riverside-Alloy we kave always been keenly aware of the 
importance of grain size control in determining functional and 
fabrication properties of our alloys. We have been supplying 
fine grain phosphor bronze strip for special applications for 
over 20 years. Now, with our recently expanded, modern facilities, 
we can supply production quantities to meet your needs. 


For detailed information write to Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 


% © Send today for 
Technical Bulletin T-4. 


‘ kp, 


~ - 


ALLOY METAL WIRE RIVERSIDE METAL PRENTISS WIRE MILLS 


Prospect Park, Pa. Riverside N. J Holyoke, Mass. 


H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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the Designer.” The last two pages of 
the booklet include forms to simplify 
ordering of literature. Aluminum Com- 
pany of America. 
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SYNTHETIC LUBRICANTS — “Jet Age 
Lubricants” is a 24-page illustrated 
brochure on the development, testing 
and application of engineered lubri- 
cants. The brochure focuses on the 
history of synthetic lubricants. The 
testing operations the company’s labo- 
ratory conducts are illustrated and de- 
scribed in detail. Charts and graphs are 
used to demonstrate the physical prop- 
erties of these lubricants in compari- 
son with petroleum lubricants in factors 
such as volatility, oxidation stability, 
evaporation, etc. A section is devoted 
to Military Specifications and their 
significance. Lehigh Chemical Co. 
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RADIATION FOR SALE—An 8-page 
brochure describes the company’s West- 
ern Service Irradiation Center, where 
industrial and academic organizations 
interested in radiation processing can 
use a linear electron accelerator on a 
rental basis. The center’s 10-million 
volt Mark 1-F2 accelerator is the high- 
est energy industrial accelerator opera- 
ting in the U.S. It generates high ener- 
gy electrons, X-rays or neutrons. The 
service center can be leased for long- 
term programs, as well as for a single 
series of experiments. Applied Radia- 
tion Corporation. 
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ENGINEERING AND MANUFACTURING 
SERVICES — Illustrated brochure ex 
plains the firm’s six basic divisions 0' 
Mechanical Engineering, Tool Engi 
neering, the Industrial Laboratory, the 
Special Services Division (Technical 
Writing), the Special Products Division 
and the large manufacturing plant. 
Services of the company range from 
creating small machine parts to the de- 
signing, building and testing of special 
machinery, electronic equipment, de- 
vices for national defense, test stands 
and other varied projects, Associated 
Engineers, Inc. 
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FACILITIES FOR CERAMIC RESEARCH 

A 20-page brochure entitled, “Facil- 
ities for the Advancement of Ceramic 
Technology,” illustrates and describes 
the company’s facilities for exploratory 
and development work in industrial 
ceramics. Included are laboratories for 
analytical chemistry, body preparation 
and formulation, forming. and testing. 
\ brief account is given of the company 
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® Low Cost 


® Re-Usable 
THREAD CUTTING FASTENER 


® Self-Locking 


HOLDS TIGHT TO CURVED SURFACES 


® Vibration-Proof 


®@ Spring Take-Up 
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reliable 
RELAYS 


dapte? 


for 


printed 
circuits 


eliminated. 


For AC or DC operation. Miniature and 
subminiature sizes. Open, dust tight en- 
closed and hermetically sealed. Wide 
Range of models. Contact combinations 
to 8PDT. Ultra sensitive or heavy current 
contacts. Many special features. 


Tell us what you need or send for catalog. 


Electric Company 
3350A W. Grand, Chicago 51, Ill. 
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as it is today, and the expansion of its 
research facilities. Gladding. McBean 
& Co. 
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HIGH TEMPERATURE USES FOR CAR- 
BON AND GRAPHITE—Application in- 
formation, key characteristics and tabu- 
lated information on grades. sizes and 
properties of graphite and carbon prod- 
ucts are presented in an 8-page bulletin, 
“Carbon and Graphite for High Tem- 
perature Applications”. Carbon and 
graphite properties that make these ma- 
terials useful for molds, dies. crucibles. 
sintering boats and similar items sub- 
ject to high temperatures are described. 
Pertinent aspects of the manufacturing 
process. including duration of baking 
processes and mineral content of differ- 
ent grades, are discussed. Six charts are 
included in the bulletin. Speer Carbon 
Co. 
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THERMOSTAT AND LIMIT CONTROLS 
ACCESSORIES——-Four-page bulletin RT- 
819 describes a variety of modern ac- 
cessories for electric thermostats and 
limit controls. The bulletin 
detailed drawings and diagrams of 
available thermostat cases. devices for 


contains 


adjusting temperature controls. mount- 
ing brackets and stuffing boxes. Robert- 
shaw-Fulton Controls Co. 
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ANODIZED ALUMINUM NAMEPLATES 

Bulletin No. 
anodized aluminum nameplates called 
Quik-Plates 
to any 


177 describes a line of 


which bond permanently 


surface without using screws. 
rivets, pins, or other fasteners. Includ- 
ed are its features, uses and ordering 
\ handy table lists 4 types 
of self-bonding adhesives, and tells how 
to apply. its application time, bond. 
recommended surfaces. and what it is 


W. H. Brady Co. 
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information. 


resistant to. 


PLUG-IN POWER PANELBOARDS 

Four-page bulletin GEC-1477 discusses 
plug-in power panelboards designed 
for the control and protection of single 
and 3-phase power. distribution. light- 
ing and appliance circuits up to a 
maximum of 240 volts. a-c.. with o1 
without neutral. Included are a descrip- 
tion. construction features, selection in- 
formation. dimensions and a_ typical 
xample. General Electric Company. 
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WHITEPRINT MACHINE-—Bulletin de- 
scribing the Streamliner 200 whiteprint 
machine 


gives 


advan- 
Streamline: 


specifications, 
tages. and features. The 


Better Dielectric Quality 
Low Cost 


« 
UNIFORM QUALITY 


FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particies. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


& 


PRESSITE—an absorbent, unsized 
material of great purity for use 


principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


A 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
230 Park Avenue 
New York 17, N. Y. 
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Quick fac facts for those who apply and specify electric motors 


Flexibility of Design Aids Motor Applications 


When they originally embarked upon 
the program of developing the basic Totally Enclosed 
Series 100 motor design for the new Fan-Cooled 7 

rerated frame sizes, Howell engineers 
set goals considerably above and_be- 
yond the requirements of the NEMA 


specifications. Among them, “max- 

imum flexibility’? of design was 

achieved to a degree that is outstand- fetes 
ing in the motor industry . . . and aa eee 


that directly benefits machine designers 
who utilize standard motors, 


Involved is not only unusual flexibility 
of positioning and lead connections, 
but a ready interchangeability of the 
five basic enclosure types within each 
frame size. 


DESIGNED FOR MOUNTING IN ANY Open Drip-Proof Splash-Proof Explosion-Proof Non-Ventilated 


OF SIX POSITIONS FIVE BASIC SERIES 100 ENCLOSURES HAVE SAME DIAMETERS, 
SHAFT AND MOUNTING DIMENSIONS == Unlike many other motors, the 


basic Howell Series 100 enclosures do not vary in diameter (or any of the 
essential mounting dimensions, except length) from one type to another 
(except a few 2-pole ratings). This is because of the way Howell accomplishes 
motor cooling, with “heat source” ventilation ducts in the stator itself .. . 
not by enlarging Totally Enclosed Fan-Cooled or Explosion-Proof frame 
a | diameters. This uniformity simplifies space allocations for the machine 





designer and allows for interchangeability of enclosure types to meet varying 


se 
oe oy) FA) 
pad} (LU, ‘1 | | 


\s illustrated by the diagrams above, 
Howell Series 100 Open Drip-Proot 
motors can be side-wall or ceiling | 
mounted simply by revolving the end | 
plates. The other four basic enclosure 


types do not even require this sim- e c Sasa CONDUIT BOX LOCATES 
ple change. BOX EASILY ROTATED TO FIT ANY REQUIREMENTS 


FOR 4-WAY HUB LOCATION For further flexibility, a simple modi 
; ‘ fication can be specified tor position 
Series 100 conduit boxes are mounted ing of the conduit box in any of three 
to the frames with t screws, accessible positions around Series 100 ‘frames. 
for easy rotation of the box so that 
the integral, threaded nipple takes GET COMPLETE DETAILS 
conduit from any of four directions. WRITE FOR BULLETIN N-100-R 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 








SHAFT DOWN SHAFT UP 


Series 100 Totally Enclosed Fan- 
Cooled motors — in fact all of the five 
enclosure types — can also be mounted | 
shaft down or shaft up with no modi- | 
fication in design required. | 





PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 
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TURN 


TWIST 


SLIP 


SOLVE 


a puzzie’s a probiem only if you 
haven't workec it before. 
Ai Plenco we've successfully 


soived many production 


puzzles ... through the correct ae 


application of quality moiding ie 


phenolics. Cnances are we 
aiready have the answer to your 
particular problem. Why not 


take us up on that? 


PLASTICS ENGINEERING COMPANY 


Sheboygan, Serving the plastics industry in the manufacture of high grade 
Wisconsin phenolic molding compounds, industrial resins and coating resins 
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200 will accommodate materials of any 
length up to 42 in. wide. The unit's 
print receiving tray will stack materials 
up to 24 in. long. Ozalid Div., General 
Aniline and Film Corp. 
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ELECTRONIC TEST INSTRUMENTS 

lwenty-four page Catalog B describes 
and illustrates instruments for elec- 
tronic control and measurement. In- 
cluded are detailed design and_ per- 
formance specifications, 22 schematic 
diagrams. typical application circuits. 
constructional photos and a useful ap- 
plication summary. The catalog covers 
industrial laboratory instruments with 
related accessories, and includes micro- 
microammeters. electrometers, vacuum 
tube voltmeters, amplifiers and similar 
products. Keithley Instruments, Inc. 
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AIRBORNE COMPONENTS This 56 
page catalog entitled “Airborne Com 
ponents” contains information on a full 
line of high performance transducers. 
Instrument sections included are: ac 
celerometers, pressure — transducers. 
gyros. temperature probes, and vane 
transducers. Also included is a_ tech 
nical data section containing valuable 
information. G. M. Giannini & Co., In 
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INJECTION MOLDING MACHINES— 
\ 30-page illustrated catalog entitled 
“Mini-Jector Plastic Injection Molding 
Machines” contains engineering data 
on all models of the Mini-Jector. Used 
in the electrical manufacturing field. 
these machines are divided into two 
groups: the “Hornet” and the “Wasp.” 
Both are available in a_ variety of 
models to suit various application re 
quirements. Newbury Industries. Inc. 
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PISTON-TYPE HYDRAULIC ACCUMU- 
LATORS Catalog No. 1530 contains 36 
pages describing a line of piston-tvpe 
accumulators for hydraulic service. The 
line includes 14 models ranging in oil 
capacity from 10 cu in. to 10 gal, and 
four inside diameter sizes ranging from 
2 to 7 in. Fully illustrated, the catalog 
lists tables showing oil volume at in- 
dicated operating pressure for each 
model accumulator, and outline draw 
ings for each unit. The Parker Appli 
ance Co. 
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TANTALUM FOIL CAPACITORS —Bul- 
letin 152 discusses characteristics of 
tantalum foil capacitors; their high 
stability. shelf life, greater capacitance 
per unit volume and other character- 
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ESSEX ius it! 
Les WIRE TYPES! , 


Sed 





ENAMEL...Class A 105° C 


An oleo-resinous enamel, used primarily in ignition coils, re- 
lays, small transformers, radio and electronic coils and 
similar applications 


FORMVAR...Class A105° C 


A film composed of polyvinyl formal resins with good elec- 
trical and chemical qualities and exceptional adhesion, 
flexibility, toughness and abrasion resistance properties. 


Self-Bonding FORMVAR... 


ate 


(i 


polyurethane base have outstanding physical, chemical and 
electrical characteristics plus self-fluxing properties which 
permit hot solder connections without prior stripping. 


ENAMEL... Class B 130° C 
(Isonel) THERMALEX 


Constructed with a polyester, this insulation has a very long 
thermal age life and compares with Formvar in physical, 
chemical and electrical characteristics. 


SILICONE...Class H 180° C 


7 


This insulation, constructed with a silicone base material and 
accommodating extreme temperature requirements, is modi- 
fied with other materials, insuring its physical, chemical and 
electrical properties. 


HERMETIC FILMS...Class B 
125° C ACRYLEX 


Based on acrylic resins, these insulations are excellent for 
hermetic applications. Their non-crazing, high cut-through, 
long heat age life and excellent solvent resistance indicate 
a bright future for hermetic applications. 


TEXTILE INSULATIONS... 
Class A, Class B, Class H 


Cotton, paper, fiber glass, nylon, silk or combinations of 
them, are applied over bare or film insulated magnet wires 
for various physical, chemical and electrical requirements. 


ROUND, SQUARE, REC- 
TANGULAR 


All types of the above wire, both bare, film insulated, and 
textile covered are available from Essex. 


Class A 105° C BONDEX 


A Formvar insulation with a “bonding” film added. All the 
desirable Formvar characteristics are retained plus the "self- 
bonding” of the coil wound wires. 


NYLON ...Class A 105° C 


Comparable with Formvar, this polyamide insulation features 
self-fluxing properties; has an extremely smooth finish, and 
good electrical, chemical, and physical properties. 


FORMVAR-NYLON Combi- 


nations ...Class A 105° C 
NYFORM* 


A Nylon film applied over a Formvar insulation gives these 
wires outstanding physical properties and is well suited to 
applications where pre-heating before dipping and baking 
is not practical. 


SOLDERABLE FILMS... 
Class A 105° C SODEREX 


These smooth red insulations with a modified isocyanate or 


“Extra Test®” Insulations for every application! 


Whatever your winding requirements, for prompt 
delivery of the exact wire and insulation .. . look to 
Essex! Essex ‘‘Extra Test’’ Magnet Wire is available 
in metal, fiber container (MAGNA-PAK)® 
reel or spool putups. 


WRITE TODAY... = 


for new “Directory of 
Magnet Wire Types and 
Trade Names.” 


Extea TEST * oP 
ESSEX), MAGNET WIRE 


DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana 


, commercial 








MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, California; 
Fort Wayne, Indiana; Detroit, Michigan; Hillsdale, Michigan. 


SALES OFFICES 
Dayton, Ohio 
Detroit, Michigan 
Fort Wayne, Indiana 
Fort Worth, Texas 


AND WAREHOUSES* 
Hartford, Conn. 
Indianapolis, Ind. 
Kansas City, Mo. 

*Los Angeles, Calif. 


*Birmingham, Ala. 
*Chicago, Illinois 
Cleveland, Ohio 


Dallas, Texas 


Milwaukee, Wisc. 
*Newark, N. J. 
*Portland, Oregon 

Rochester, New York 


*Saint Louis, Mo. 

*San Francisco, Calif. 
Upper Darby 
(Philadelphia), Pa. 


Distributed Wires, 


nationally to the and 


repair 


maintenance industry through Insulation and 


Incorporated 
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TEFLON Spaghetti 


now in three grades... 





to suit your electronic and dimensional needs 





Have you seen our 
complete line of 
Chemelece stand-off 
and feed-through 
insulators, connec- 
tors and tube 
sockets? 


*du Pont Trademark 


Now, it is possible to select the exact grade of 
Chemelec TEFLON* Spaghetti tubing to serve 
your specific electronic needs and dimensions— 
and to realize tremendous cost savings by 
eliminating needless purchase of excess weight 
of TEFLON. 


This sleeving is dimensionally accurate and is 
made of high grade du Pont tetrafluoroethylene 
resin, free of impurities, to insure the finest in 
dielectric service. In all grades and sizes, it is 
extremely flexible and is a non-woven solid mate- 
rial, molecularly integrated to prevent leaks from 
cracks, splits or perforations. Available in a full 
range of colors: natural, red, orange, yellow, 
green, blue, violet, grey, brown and black. 


TREATED SPAGHETTI for Potting 


TEFLON spaghetti is also available with specially 
treated surfaces for maximum adherence of all 
potting or encapsulating compounds, while main- 
taining, unchanged, all the fine characteristics 
of the TEFLON. 


Write for Catalog EC-757. 


FLUOROCARBON PropuctTs INC., division of 
United States Gasket Co., Camden 1, New Jersey. 


Sold through leading electronic parts distributors by Erie Resistor Corp. 


SOLED, 
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istics. Applications and limitations of 
the polar and non-polar types of tan- 
talum foil electrolytics are covered. De- 
tailed physical and operational specifi- 
cations are provided, as well as a handy 
table of many standard capacitance and 
voltage values. Ohmite Manufacturing 
Co. 
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TIME RATE INDICATOR — Bulletin 
501A-B discusses the applications of 
10 me time-rate indicator for measuring 
frequency counting pulses per unit 
time, measuring the interval between 
pulses. measuring period or averaging 
period, determining the ratio between 
pulses, determining the ratio between 
two frequencies, measuring time inter- 
vals from 0.1 psec to 28,000 hr, and 
providing timing pulses from 0.0] 
cycles to 100 ke. Features, functions 
and advantages are explained as used 
in various types of electronic circuits 
Laboratory for Electronics, Inc. 
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MULTI-CONTACT TELEPHONE-TYPE 
RELAY—Four-page engineering — bul- 
letin complete with photographs and 
dimensional drawings describes Type 
8 multi-contact relay, and provides de- 
tailed descriptions of characteristics, 
special features and general technical 
data. Standard stock and special con- 
tact listing plus in-stock relay listing 
is included for the Type 8, which is 
available enclosed or hermetically-seal- 
ed. Philips Control Corp. 
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ROTARY DRAWN MAGNETIC SHIELD- 
ING CAN—Data Sheet 126 shows a cut- 
away view of 3-layer rotary drawn 
Netic Co-Netic magnetic shielding cans 
and a checklist to indicate size, number 
of layers, construction and extent of 
magnetic shielding required. Included 
is a page illustrating typical shapes, 
sizes and constructions. The rotary 
drawn process makes it possible to en- 
case components containing moving or 
stationary permanent magnets without 
distorting their magnetic field or other- 
wise reducing their sensitivity. Mag- 
netic Shield Div., Perfection Mica Co. 
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ELECTRICAL CONDUCTOR CODE 
NAMES—All past and present code 
name designations for aluminum elec- 
trical conductor are brought together 
in handy reference wall chart entitled 
“Electrical Conductor Code Names.” 
It lists alphabetically more than 600 
code names and specifies type and size 
of products. Tables include data on 
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...cut space needs almost 50% with REULAND 
spline-coupled hydraulic pump mount motors! 





Pump and motor become one with the new 
Reuland spline-coupled hydraulic pump 
hook-up. The pump shaft is connected di- 
rectly to the motor’s shaft inside the motor. 
Flexible couplings are eliminated... pump 
mount platforms are eliminated . .. and the 
tank length can be reduced because almost 
50% less mounting area is required. Com- 
pact appearance is beautiful. 


SPEEDY INSTALLATION 


Pump-to-motor hook-up is merely a matter of 
seconds. All you do is slip the spline coupling 
onto the pump shaft...and attach the pump to 
the endbell. This spline coupling is supplied 
with the motor and is precision mated for each 
make of pump. There’s no time wasted tinker- 
ing around...takes only a fraction of the 
ordinary time. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


REULAND MOTORS 


C 


a 
b 


PRECISION ALIGNMENT 


Alignment is perfect automatically whether 
the installation is made out in the field or 
on the production line. This permits even 
unskilled workmen to handle this simple 
task without error. Also, by hooking the 
pump up at the point of bearing support, 
within the motor, vibration is reduced to a 
new minimum. Operation is smooth, quiet. 






Circle 311 on page 17 





COSTS LESS...SAVES 
INSTALLATION LABOR... 
FITS ALL PUMPS 


The Reuland spline-coupled unit is priced lower 
than a conventional set-up ...saves you extra 
money by reducing installation costs. What’s 
more, we can supply it to fit any make of pump 
you may be using. So sure are we that it will 
be of help to you, we are offering to engineer 
a demonstration unit to your equipment, with- 
out the slightest obligation. These units are our 
best salesmen. 


OUR NEW GENERAL 
CATALOG WILL COME 
IN HANDY—SENT 
FREE ON REQUEST. 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
DISTRIBUTORS IN ALL PRINCIPAL CITIES 





*Trademark Registered 


















MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


CONTACT ANGLE 
trust  1oao 


> Fig. 1 
4) 3s 2 ; 
CALI ~) \ f 
' i 
cS 3 ‘= 
\ b f 


Contact angle is the angle between a 
plane perpendicular to the bearing 
axis and a line connecting the two 
points on a given ball where the ball 
makes contact with the raceways when 
the bearing is subjected to a pure 
thrust load. In Fig. 1, the contact 
angle is represented by angle a. The 
significance of the contact angle is re- 
vealed by an examination of the forces 
present in a thrust loaded bearing. 


In Fig. 2, a simplified version of 
Fig. 1, the shaft and inner ring com- 
bination are represented by the plug 
a, the “‘working diameters” of the balls 
and represented by the rodlike mem- 
bers at b, and the outer ring is repre- 
sented by the tapered cup c. 


The contact angle is a. This diagram 
represents a three-dimensional struc- 
ture with as many equally spaced rods, 
b, as there are balls in the bearing. 


The primary concern in design is 
the amount of compressive force to 
which rod b is subject, which is the 
force with which a given ball is pressed 
against the raceways. This force can 
be calculated by constructing a _ par- 
allelogram of forces as shown in Fig. 3. 


The sides T and R, are vector quan- 
tities, and diagonal B is the vector 
sum of T and R. Furthermore, the vec- 
tor sum of the thrust components on 
all the balls equals the total thrust 
load on the bearing. The vector sum of 
the radial components on all the balls 
is zero. Vector B, the force actually 
felt by the raceways and balls, com- 
pared to vector T, the thrust compo- 
nent, varies significantly with changes 
in the size of the contact angle and is 
directly proportional to the thrust 
load component and inversely propor 
tional to the sine of the contact angle. 


Example !: 


A bearing is carrying a pure thrust 
load of 21 pounds. Assuming seven 
balls in the bearing, each ball will 


have an axial load component of three 
pounds, since a thrust load is shared 
equally by all the balls. While the 
axial component on each ball is only 


three pounds, the actual compressive 
force, or squeeze, felt by the ball and 
raceways is considerably greater thar 
this value. 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 7. NEW 
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THRUST + LOAD 





Fig. 2 f se 


With a contact angle of five degrees: 


oe — 34.5 Ibs. 
SIN a sin 5 
Thus we see that with a five-degree 
contact angle the actual load felt by 
each individual ball is actually con- 
siderably greater than the total 21 
pound thrust load on the bearing. 


Example II: 

Using the thrust conditions in Exam- 
ple 1, the contact angle is increased to 
20 degrees, by selecting a bearing with 
a larger value of radial play. 


Sout 8.78 pounds 
sin 20 

A 15 degree increase in contact angle 
produced a 74.5% reduction in ball- 
to-raceway contact stress. This rela- 
tionship should be noted by anyone 
who writes bearing specifications. The 
operational qualities of the bearing, 
such as low running and starting 
torque and bearing life, are a function 
of the ball-to-raceway contact stress. 
Thus the contact angle is highly 
significant. 

It is not necessary for a bearing 
user to calculate or specify the con- 
tact angle desired. It is only necessary 
to remember that low values of contact 
angle are associated with low radial 
play, and high values of contact angle 
are associated with high radial play. 
In addition to the above considera- 
tions, gyratory forces become extremely 
important factors in determining op- 
timum contact angle in high speed 
applications. 

A more complete discussion of con- 
tact angle is found in our design hand- 
book. 


DESIGNERS HANDBOOK OFFERED 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70-page authori- 
tative publication a great help in solv 
ing problems in design- 
ing instruments or small 
electro-mechanical as- 
semblies. 

It will be sent free 
to engineers, draftsmen 
and purchasing agents. 
Write to: New Hamp- 
shire Ball Bearings, Ine., 
Peterborough 1, \.H. 


Micro Bearings 
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coverings. messengers, sizes, and strand- 
ings. British as well as US standard 
tables are included. Designed as a per- 
manent reference, the green and white 
chart is printed on Texoprint, a wash- 
able, crack-resistant plastic paper. Kai- 
ser Aluminum & Chemical Sales, Inc 


Circle No. 653, Reader Inquiry Service Cards 
on page 17 


MECHANICALLY INTERLOCKED SYN- 
THETIC FIBER FELTS—-Included in this 
folder are ten representative types of 
mechanically interlocked synthetic fiber 
felts demonstrating the use of six differ- 
ent synthetic fibers. The samples and 
typical performance characteristics 
data are intended to show the versa- 
tility of this class of materials. These 
materials are available in a wide range 
of thicknesses, density and construction 
American Felt Co. 
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FIBER GLASS REINFORCED PLASTIC 
PRODUCTS 


how the integration of modern facil- 


Four-page folder describes 


ities and engineering staffs enables the 
company to meet their customers’ needs. 
The folder discusses four basic manu- 
facturing processes by which fiber glass 
reinforced plastics are developed to 
meet existing or new product require- 
ments. Engineering skills, testing and 
development facilities and wide expe- 
rience in the manufacture and applica- 
tion of these materials, are also covered. 
Structural Fibers, Inc. 
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SWITCHING TRANSISTOR POWER 
SUPPLY——Bulletin S-2-37 describes 60 
watt unit regulated against both line 
simultaneously. 
Small size and reliability of unit are 


and load _ variations 
detailed. Used in aircraft, missile and 
commercial fields as a lightweight re- 
placement for rotating equipment hav- 
ing 150 and 300 volt d- 
Arnold Magnetics Corp. 


outputs, 
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HUBS AND BUSHINGS—Catalog HB- 
101-A illustrates and describes steel 
hubs and malleable split taper bush- 
ings. Included are specifications tables, 
outline drawings, typical applications 
and a table on malleable split taper 
bushings. indicating bushing bores, 
bushing sizes and standard keyseats. 
Browning Manufacturing Co. 
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SILICONE MOLDING COMPOUNDS 
Four-page bulletin 7-603 discusses the 
conductivity. 


low thermal superior 


electrical properties, and high tem- 


HAMPSHIRE | perature  strength-to-weight ratio of 
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HEARING AIDS — PEC provided 
compact design, making attractive 
eye-glass hearing aid possible 


TRAFFIC — PEC helps control flow of traffic 
for safe passage of emergency vehicles 


TV SETS — 17 PEC's replaced 
over 100 parts, simplifying assem 
bly and improving performance 


AUTOMOTIVE — PEC provides photo 
multiplier tube socket and 20 resistors 
in one space-saving, packaged unit 


Proof of Reliability and Versatility... 


85,000,000 PEC’s* (Packaged Electronic Circuits) 
used in these and other applications 


Packaged circuits mark 
decade of electronic progress 


Centralab PEC’s — combining capacitors, resistors, inductors, 
and wiring in one compact sub-assembly — were originally 
designed for military applications. And due to their reliability 
and versatility, more than 85,000,000 have been used during 
the past ten years to guarantee circuit performance in countless 
electronic products. New developments promise even greater 
design flexibility for future applications 


ELECTRONIC ORGAN — PEC filter 
reduces sharp transient of keying 
to give natural touch response 


JET AIRCRAFT — PEC's simplify APPLIANCES — PEC in surface 
assembly of instrument panels burner control enables finer selec 
guarantee circuit performance tivity of temperature 





PORTABLE RECORDER — PEC am 
plifier provides large recorder qual 
ity to miniature tape recorder 


GUIDED MISSILES—Rugged, com 
pact PEC’s save space, are shock 
proof and resist extreme heat 


A DIVISION OF GLOBE-UNION INC. 
914 EAST KEEFE AVENUE ¢* MILWAUKEE 1, WISCONSIN 


IN CANADA: 804 MT. PLEASANT RD. * TORONTO, ONTARIO 
*Trademark Continued on next page 















Centralab 


STANDARD COUPLATES* 


actual size 


r\ 
\\ \\ \ vo-s00 
. xX \ 


An infinite number of PEC 
combinations available from these 
five basic designs 


Centralab can adapt the basic shapes shown above 
to meet a broad variety of design requirements. 
These five basic Couplates can be furnished with any 
of five types of terminals . . . narrow tab as illus- 
trated, or your choice of wide tab, long wire, stub 
wire, and crimped wire to meet your specifications. 


All resistors are produced to 
nominal resistor values 


Circuitry performance is more 
stable because the tolerance 
is a distribution over the nom- 
inal and not fringe values. 


ee RESISTOR TOLERAN 0 ae 


NOW! Extended Capacity Ranges 
— 


Maximum capacities: 
i 150 to 600 volts up to .Smf 
6 volts up to 2.0nf. 
219 Tons : This increases the scope of 
*! . > & 5.6 P.E.C.'s for your applications. 
TY WN NY 


*Trademark 








offers you TWO bk ’'43 2 @ 2 let 





*Trademark 


these materials, and includes a specifi- 
cation chart, graphs and field examples. 
Physical and electrical properties of 
Mil-M-14E, which these materials are 
designed to meet, are also listed, both 
for Type MSI-30 and Type MSG. Dow 
Corning Corp. 
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PULSE HEIGHT ANALYSIS WITH X- 
RAYS—Four-page folder deals with 
problems related to pulse height an- 
alyzers used in x-ray work. The text 
discusses construction of pulse-height 
analyzers, applications and limitations. 
Sections are devoted to window and 
base line settings, detector operation 
and_ interference. [Illustrated with 
graphs and tables, the folder explains 
how to operate pulse-height units with 
scintillation, proportional and _ flow 
counters to obtain best results. Philips 
Electronics, Inc. 


Circle No. 659, Reader Inquiry Service Card 
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SERVICES FOR THE REFRIGERATION 
INDUSTRY—“Wolverine Serves the Re- 
frigeration Industry” is the title of this 
10-page institutional brochure presented 
to aid manufacturers of refrigeration 
and air conditioning equipment. It high- 
lights the company’s facilities, engineer- 
ing capabilities and diversification, and 
describes how it all leads to a quality 
product. The complete range of prod- 
uct line is shown, as well as an actual 
refrigeration cycle unit illustrating 
where the company’s products are used. 
Calumet & Hecla, Inc. 


Circle No, 660, Reader Inquiry Service Card 
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FLEXIBLE SHAFTS — Design features 
and specifications for a new line of 
standard flexible shafts for solving a 
variety of power transmission and re- 
mote control problems are described 
and illustrated in 4-page bulletin No. 
5608. The bulletin describes six shafts 
in the line, three for remote control, 
three for power drive applications. 
Shafts were designed primarily to pro- 
vide ready-to-install units for design 
and prototype work. Shaft components 
are discussed and specifications. torque 
loads, drive speeds and similar data are 
given for each of the six models. S. S. 
White Industrial Div. 
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PANEL METERS—Panel meters that 
meet applicable sections of JAN-1-6 and 
MIL-M-6B are described in this 16-page 
catalog. Included are dimensional de- 
tails and performance specifications for 
D’Arsonal-type ammeters,  millivolt- 
meters, and voltmeters as well as a-c 
rectifier-type microammeters, milliam- 
meters, and voltmeters. Instruments de- 
scribed include meters in 21% in. square 
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Accurate makes springs by the millions—many of our customers use a 
million a month. That takes a lot of spring know-how, experience and 
skill. But to produce precision springs in large quantities at nominal 
cost takes more than that. It takes imagination. 


























Imagination allows Accurate to approach problems without being 
too influenced by conventional methods. To successfully produce large 
quantities of precision springs Accurate customer service begins in the 
design and engineering stage. Highly developed skill in producing special 
tooling for large quantities often helps lower overall cost. Springs held 
to close tolerances are assured by rigid quality control and inspection. 
Packaging is designed to provide ease of handling and speed the cus- 
tomers’ production. Scheduling and planning departments assure quan- 
tities delivered to meet your needs and reduce inventory requirements. 









































That is the type of experience, skill . . . and imagination, that allows 
Accurate to produce springs by the millions. Plan your springs with 
Accurate too. 


ACCURATE SPRING MANUFACTURING COMPANY 
3817 W. Lake St., Chicago 24, Illinois 
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150,000,000 Standard Fastenings... 
Bolts, Nuts, Screws, Rivets, Washers 
ready for IMMEDIATE DELIVERY 


Be Specific .. . Don’t Compromise . . . get the 
exact corrosion-resistant fastenings you need— 
right away—from your nearby Harper Distrib- 
utor. He stocks thousands and thousands of them 
to give you quick service. He’s an expert in 
fastenings and will give your order specialized 
attention. Why shop? Why wait? He has what 
you need . . . on hand BEFORE you order. 
They're as near as your phone. Call your local 
Harper Distributor today for immediate delivery 


THE H. M. HARPER COMPANY 


8204 LEHIGH AVENUE-MORTON GROVE, ILLINOIS 


Pst 
THOUSANDS 1c C © 50 60 70 &« 90 100 


120 


HARPER 


irrefutable proof of Harper's greater metals’ strength shown by laboratory test! 


An important point in buying fastenings 
is strength. Independent laboratory 
tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 


*By R. W. Hunt Laboratories 


transparent plastic cases, 24% in. and 
314 in. round and 3% in. and 4% in. 
square, thermosetting-plastic cases, and 
214 in. and 3% in. round metal cases, 
hermetically sealed. Data on custom 
meters are also included. Waters Man- 
ufacturing, Inc. 


Circle No. 660, Reader Inquiry Service Cards 
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GLASS-REINFORCED INJECTION 
MOLDING COMPOUNDS—Data sheets 
are available giving complete specifica- 
tions on the electrical, physical and 
chemical properties of glass reinforced 
nylon and polystyrene injection mold- 
ing compounds. More than 35 typical 
applications are listed and a complete 
price data sheet has also been included. 
Fiberfil, Ine. 


Circle No. 661, Reader Inquiry Service Cards 
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SILICON AND GERMANIUM GLASS 
DIODES—Technical Bulletin B-215 de- 
scribes a complete line of subminiature 
glass diodes incorporating alloys of sili- 
con and germanium. Included in the 
bulletin are a general description, elec- 
trical characteristics, maximum ratings 
at 25 C (unless otherwise noted), and 
mechanical specifications. Clevite Tran- 
sistor Products Div., Clevite Corp. 


Circle No. 662, Reader Inquiry Service Cards 
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LINEAR AMPLIFIER Bulletin 3001-7 
describes the company’s Model 672A 
linear amplifier built to ORNL Speci- 
fication Q1326 and designed to amplify 
pulses of low signal level from radia- 
tion detectors, scintillation counters, 
etc. The illustrated 2-page bulletin gives 
electrical and mechanical specifications, 
performance data, and lists potential! 
uses and applications for the equip- 
ment. The Victoreen Instrument Co. 
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RESEARCH AND DEVELOPMENT PRO- 
GRAM—Facilities brochure “From Raw 
Materials to Complete Systems” is de- 
signed to acquaint industrialists wtih 
the extensive research and development 
program conducted by the company. 
The 8-page, illustrated brochure high- 
lights the company’s activities in the 
areas of materials research, component 
development, data instrumentation. 
ultrasonic and acoustic research, ord- 
nance development and nuclear re- 
search. Gulton Industries, Inc. 


Ci-cle No. 664, Reader Inquiry Service Cards 
on page 17 


SOCKET HEAD CAP SCREWS—Fight- 
page bulletin “Guide for Design and 
Assembly of Mac-it Head Cap Screws” 
contains torque-tension data on the 
tightening torque required to produce 
a desired screw tension for all stand- 


ELECTRICAL MANUFACTURING 




















ard sizes of Mac-it socket head 
screws. Screw design considerations are 
emphasized and torque-tension terms 
are explained in detail. The guide also 
includes screw data on Mac-it head cap 
screw physical characteristics, speci- 
fications, and thread 
lengths of standard stocked sizes. Mac- 


cap 


dimensions, 


it Screw Div., Strong, Carlisle and 
Hammond. 
Circle No. 665, Reader Inquiry Service Cards 
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PRODUCING FORGINGS AND STAMP- 
INGS—A 20-page booklet, “Transue & 
Williams Challenges the Future” de- 
scribes in detail every step of the pro- 
cess by which many talents and facili- 
ties contribute to forgings and stamp- 
ings for modern products. Engineering 
skills both in the field and in the plant, 
laboratories, facilities for heat treating, 
for machining, and for all 
play a part in producing the high per- 
formance required in modern parts for 


assembly 


aircraft, construction machinery, mis- 
siles, electronic devices, appliances, and 
other modern products. The setup re- 
quired to handle modern alloys and new 
metals such titanium detailed. 
Transue & Williams Steel Forging Corp. 


Circle No. 666, Reader Inquiry Service Cards 
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GERMANIUM RECTIFIERS 


self-contained 


\ 


rectifiers 


of 


is 


line 
germanium 
described and illustrated in 4-page Bul- 
letin ER-110. Special advantages and 
units listed, in- 
cluding details on output control and 
starter, transformer and junction de- 


features of these are 


sign. Ratings and specifications are in- 
cluded for four models: 750, 1500, 2500 
and 5000 amp. Each of the four models 
is pictured, as well as three basic ger- 
manium diodes. Electro-magnetic over- 
load protection and the wide range of 
close voltage control are also described. 
Hanson-Van Winkle-Munning Co. 
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LIMIT CONTROLLERS—Four-page Bul- 
letin 562 covers Models 561 
and describes in detail the use of limit 
for automatic of 
weight, size, force, thickness, pressure, 


and 562 


controllers control 
flow, acceleration, stress, strain, or other 
physical quantities. A number of sug- 
gested applications are shown. Specifi- 
cations of standard models, and descrip- 
tion of selectable options is given. Day- 
tronic Corp. 


Circle No. 668, Reader Inquiry Service Cards 
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COILED CORDS—A 16-page catalog en- 
titled “Coiled Cords” describes in detail 
the characteristics and uses of commun- 
ication and power coiled In- 
cluded are general characteristics, ap- 
plications and features, wire types and 
available, 


cords. 


constructions terminations 
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Put your SPECIAL problem to 
the Harper FLO-FORM team 


This small but tricky eyebolt (reproduced here in giant 




















size) was redesigned and produced by Harper at a 50‘ 








saving. The Harper Flo-Form Process employs highly 








special techniques to produce parts of economical design, 





J 
, 


without 





with greater strength and durability, and scrap 








loss. Call on the Harper Flo-Form engineering team of 





design, metallurgical, and tooling specialists to help you 








save dimes to dollars on parts which you find costly to 





manufacture. Use their more than 33 years of know-how. 











See what you, too, can save on corrosion-resistant fasten- 








ings and special parts. Send your problem today to The 








H. M. Harper Company and ask for the Flo-Form catalog. 














Meet ALBERT ROTH, 
Harper Application Engineer 











Working out of Denver through the Rocky 
Mountain area, Harper Application Engi- 
neering Service is extended to fastening 
users by Mr. Roth. Al works with the Harper 
Flo-Form Engineering Team to provide fas- 
tening users with better designed parts at 
lowest possible costs. 









































The Harper infinity symbol 
as shown above, and 

the name FLO-FORM are 
registered trade marks of 
The H. M. Harper Company 


‘ 





THE H. M. HARPER COMPANY 


8204 LEHIGH AVE., MORTON GROVE, ILLINOIS 
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that can be used. and a description and 
outline drawings of standard communi- 
cation and power supply coiled cords. 
Engineering data and outline dimen 
sions are shown for rubber and thermo- 
plastic plugs and connectors that can 
be molded to coiled cords. Essex Wire 
Corp. 
Circle No. 669, Reader Inquiry Service Cards 
on page 17 
SPHERICAL ROLLER BEARING PILLOW 
BLOCKS — EFight-page Bulletin A-668 
describes Spher-Align pillow blocks, 
e the most recent addition to line of 
Perfect Matin of mounted bearings. Complete with 
photographs and engineering drawings, 
the bulletin contains tabulated data on 
G ° d M t r dimensions, shaft sizes, weights and 
Gg ring an 0 0 $ radial load ratings. Other product fea- 
tures described are an improved spher- 
a ical roller bearing design, a system of 
in MERKLE-KORFF GEARED MOTORS lubrication, triple labyrinth seals and 
housings of close-grained semisteel. 
Two pages illustrate 16 pillow blocks of 


makes certain you get ball bearings, roller bearing and sleeve 


bearing types. covering the full range 


of industrial applications. Dodge Manu- 
MORE TORQUE PER POUND [wine com. 


Circle No. 670, Reader Inquiry Service Cards 
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COPPER CLAD PLASTIC LAMINATES— 
Catalog No. 20 features several design 
suggestions for printed circuits with 
copper-clad plastic laminates. The sug- 
gestions cover the areas of circuit de- 
sign, provisions for solder fillets, in- 
MOTORS—Hich Output Vs Weight, dependable shaded pole sertion of eyelets and lugs, and assem- 
motors, engineered to produce High Starting Torque, so im- bly of components. The catalog also in- 
portant in successful geared motor design, is an unbeatable cludes a table listing properties of cop- 
combination. per-clad laminates after etching. such 
Merkle-Korff gear reducer motors have helped many of a wuane eeneyta, _¢ eeyphesseiygbo 
America’s leaders reduce cost while improving their product. electric constants, and toss tactors, an 
We can do the same for you. suggestions for punching copper-clad 
. ~< laminates, along with recommended 
punching temperature ranges. The 
. Richardson Co. 
From .4 to 300 inch-pounds f im 2 fe ? Circle No. 671, Rootes Snaaiy Service Cards 
at 800 to 2 RPM i“ a 

Many other speeds and torques re Ka aN ELECTROMAGNETIC CONTROL EQUIP- 


above and below this range are > a ° : ' x MENT — This comprehensive 
available. 2 0 : 


GEARS—45 years’ gear reducer experience is your assurance 
of rugged, precision hobbed, heat treated High Effitency spur 
gearing at lowest cost, plus— 


catalog 
contains 7 individual bulletins which 
provide complete data including elec- 
trical specifications, constructional and 
operational information, dimensions and 


S j | weights, standard and special features 
Ask for complete ; | | sig 


and ordering information. The catalog 
information SE PENDING | is well-illustrated with product photos 
:? and other visual material and is in- 
dexed to simplify locating the equip- 
ment required for a_ specific need. 
Automatic Switch Co. 
Circle No. 672, Reader Inquiry Service Cards 
on page 17 

AIR AND HYDRAULIC VALVES AND 
CYLINDERS —- This 4-page illustrated 
Q | folder describes a line of valves and cy- 
b G 2 ps a Cc te ] Ww P A N bf linders and features models in the 1000 


4, 
as ° 


Representatives in Principal Cities 


standard line. Cross-sections illustrate 
and describe each type of air or hydrau- 


211 N. MORGAN STREET * CHICAGO 7, ILLINOIS © Monroe 6-1901 | lic valve and cylinder. Included are 


photographs and line drawings of keep- 


320 Circle 315 on page 17 ELECTRICAL MANUFACTURING 



































eee . Constantin GLASS-TO-METAL SEALS © © @© @ @ 


ALL-IN-ONE ASSEMBLIES 








Today's exacting applications have 
increased the demand for high reliability 
components. Constantin has met this 
demand by introducing an entirely new 
series of all-in-one assemblies that 

offer the designer new highs in quality 
construction and design. 





. . because 
Constontin’s design and manufacturing 
versatility is the result of decades 

of glass-to-metal sealing experi- 


Small wonder, too 


ence ... experience that is paying 
giant performance dividends for 
many of industry’s leaders. 


Constantin ail-in-one assemblies 
are original pieces designed to 
individual requirements. Each unit 
can be supplied with many 

various types of internal and external 
mountings, eliminating costly sub- 
assemblies which entail many parts 
and processes including stamping, 
soldering or brazing, seal 

mounting, etc. 


This experience is yours for the 
asking . . . whether your project 















calls for all-in-one assemblies, end 
seals, transistor mounts, crystal 
covers, connectors, or unit headers, 
your product's performance will 

be improved by using a Constantin 
glass-to-metal seal. 

Write today for more information. 


“QUALITY WITH CONFIDENCE” 


CG ce ie 
- MANUFACTURING 
FY bonstants / & 1D) 0), ENGINEERS 
Route 46, Lodi,N.J. © 187 Sargeant Ave., Clifton,N.J. © Capitol St., Saddle Brook, N. J. 
TRANSISTOR MOUNTS e@ SINGLE TERMINALS @ COMPRESSION HEADERS e END SEALS e CRYSTAL BASES e CONNECTORS e MINIATURIZATION 
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“lhe 
TIMER RELAY 
that handles all 


controlled timing 
problems ... 


% No false contacts 

% Non sticking 

% Practically “fail safe" 
% Low cost timer 


VTL Cy) bi 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 


normally open or normally closed 
action. 


COIL 


COIL 
ENERGIZED 


DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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3747 North Kedzie Avenue, Chicago 18, Illinois 


f 
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CONNECTOR 
COMPONENTS 


The line of connector 
components as shown is 
available in standards and 
true miniatures. Plugs 
in 2 and 3 conductor 
plastic or shielded han- 
dles. Open and closed 
circuit jacks, 2 and 3 
conductor, regular and 
JAN models. Cord and 
panel mounted micro- 
phone connectors. 2 
and 3 conductor cord 
mounted jacks. Plas- 
tic or shielded handle 
phone plugs, 2 and 3 
conductor. Adaptors 
for modifying connec- 
tions in plastic or 
shielded handles. 
Sturdily made to ex- 
acting specifications. 
Send for bulletin. 


er ring and tie rod designed cylinders, 
and directional and functional flow 
valves. Mounting styles and connec- 
tions, such as pipe, flange or sub-plate 
mounted, are also illustrated. Rivett. 
Inc. 


Circle No. 673, Reader Inquiry Service Cards 
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Manufacturers’ 
Publications 


For these selected publications on mate 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers company letterhead, 
mentioning ELECTRICAL MANUFACTURING 


source, 
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HANDBOOK OF LINEAR TRANSDUCERS 

Theory and up-to-date applications 
of differential transformers is com- 
pletely treated in a 32-page plastics- 
bound “Handbook of Linear Trans- 
ducers.” Characteristics of various dif- 
ferential transformers described, 
tabulated and charted. Basic circuits 
are shown and described. Fifteen typi- 
cal applications are covered. 

This handbook provides necessary 
data for design engineers who wish to 
apply linear magnetic transducers in 
replacing precision potentiometers and 
synchros as well as to develop new low- 
impedance automatic circuitry of high 
precision and reliability. 

Text includes 22 circuits, 37 dia- 
grams and 12 charts. Sent on receipt 
of $2.00 by Automatic Timing & Con- 
trols, Inc., King of Prussia, Pa. 


SECOND EDITION OF TRANSISTOR 
MANUAL—The second edition of the 
Transistor Manual has been published, 
containing 112 pages of informational 
material, almost twice as much as the 
first edition. Included in the manual 
is information on basic semiconductor 
theory, construction techniques, expla- 
nations of transistor specification sym- 
bols now in common use and specifica- 
tions with outline drawings of all tran- 
with the 
Association (formerly 


are 


Electronic 


RET- 


sistors registered 
Industries 
MA). 

In addition. the application informa- 
tion section of the manual has been 
tripled in size and the device ‘circuit 
diagram has been almost 
doubled. The booklet now includes cir- 
cuit diagrams for 29 different pieces of 
equipment 


section 


ranging from a_transistor- 
ized code-practice oscillator to a sun- 
cell triggered relay and a completely 
transistorized high-fidelity amplifier sys- 
tem. 

The second edition is priced the same 
as the first, at fifty cents. It may be ob- 
tained from local GE transistor and 
tube distributors or by writing to Sec- 
tion PRR, Semiconductor Products De- 
partment. General Electric Co., Syra- 


cuse, N. Y. 
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE... 


Stable | operation from +/00° to -70° F 


Under searing heat or sub-zero cold, General Electric 
resistors maintain their rated ohmic values. Actual 
laboratory tests have proved that these vitreous- 
enameled resistors hold their rated resistance under 
ambient temperatures from +700 F to —70 F. 


These General Electric resistors are available in over 
1400 combinations of ratings (5 to 200 watts), types, 
and mountings. Stable operation is but one of their 
outstanding qualities: They have sufficient terminal 
strength to hold up to 21 pounds of right-angle pull, 
and special terminals are available to hold up to 34 
pounds. Their vitreous-enamel coating provides re- 
sistance to adverse atmospheric conditions. 


Like to know more? Ask your General Electric 
salesman for a free set of sample resistors and test them 
yourself! And mail this coupon today for the new 36- 


page catalog containing complete information on rat- 
ings, dimensions and ordering directions. 


Industry Control Department, Roanoke, Virginia. 


SEND TODAY FOR FREE 
RESISTOR CATALOG 


Section D784-8 
General Electric Co., Schenectady, N. Y. 


Please send a copy of GEA-6592, G-E Resistor Catalog 
NAME - 
COMPANY 


ADDRESS 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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SPATE 


solves a 


sky-high problem 


PL LitTy 
* abl 
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Control motors for variable 
pitch propellors on today’s sky 
giants must withstand extreme 
a alelals( SMM oleLit Pmt Lm late! 
speed. Failure may mean dis- 
erat a 


PM Me att MeL tala 
tions, aircraft engineers choose 


Kirkwood commutators. 


You'll find dependable Kirk- 
wood commutators to meet your 
needs, too — or we will build 
them to your specifications. 

Send your prints for estimate. 


dt eae 1-1 l ee 


KIRKWOOD 


COMMUTATOR CORP. 


OVER 25,000,000 NOW IN USE 
pet eae Ree le 
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Editorial Reprints 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available te readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELEcTRICAL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


REPRINTS NOW AVAILABLE 


Evaluation of Enameled Magnet Wire 
And Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, nylon, nylon-Formvar, 
polyester, epoxies, Teflon, Teflon- 
acrylic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan- 
tages of specific types, trade names, 
and applicable standards. (729) 


New Relay Forms for A-C Operation, 
October 1957, 8 pages. Discussion 
of the disadvantages of existing a-c 
relays and of the methods of using 
d-c relays on a-c. Two basically 
new forms of relay for intrinsic a-c 
use developed at the Naval Air 
Development Center are described, 
with details of their development, 
including methods of magnetic cir- 
cuit analysis. 


Effects of Nuclear Radiation on Elec- 
tronic Components, September 
1957, 8 pages. Detailed experi- 
mental data on electronic compo- 
nents that have been operated and 
tested in gamma and neutron fields 
by Admiral Corporation under an 
Air Force research contract. Spe- 
cific components tested include: 
Insulated wire; resistors (wire- 
wound, composition, carbon film, 
and stannic oxide film); capacitors 
mica, ceramic, glass, paper, and 
plastic); vacuum and_= gas-filled 
tubes; germanium and silicon di- 
odes; printed circuit boards. 


(732) 


page 17. Readers should circle those 
numbers indicating the reprints desired. 
If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 
Cost of 
Single Subject Reprints 

No. of Numbers of pages 

Reprints 412 16-32 
1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 


Transistor-Magnetic Amplifiers, Sep- 
tember 1957, 8 pages. Seven com- 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli- 
fiers; a-c to d-c regulated power 
supply; low-level d-c harmonic- 
type amplifier. (728) 


Numbering Systems, September 1957, 
8 pages. An easy-to-read but stimu- 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 
any base: binary (2), ternary (3), 
quaternary (4), quinary (5), deci- 
mal (10), duodecimal (12), also 
coded decimal numbers. A needed 
background for computer and nu- 
merical control system design. 

(703) 


Now Ready— 
Get Your Copy of the 


EDITORIAL INDEX TO 
ELECTRICAL MANUFACTURING 
FOR 1956 


In addition to an annotated, sub- 
ject-classified index to all the fea- 
ture articles, this 24-page book 
provides an author index, and re- 
produces the ELECTRICAL MANU- 
FACTURING Functional Subject 
Classification and Alphabetical 
Subject Cross Index. To receive 
without charge your copy of this 
index circle No. 737 on the 
Reader Inquiry Service Card on 
page 17. 
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AA, 


keep “e=s costs down 
... profit margins up! 


ALLEN Engineers will show you how 
you can save time and money by using 
standard* ALLEN Hex-Socket Cap and 
Set Screws instead of specials. 


Let’s get this straight right away...if your product design MUST have 
special cap or set screws, then ALLEN’s the place to come for them. 

But our engineers have found, from a good many years of experience, that 
designs frequently call for special hex-socket cap and set screws that are 
only slightly “off-standard.” These specials take longer to get, cost more. 


Allen engineers can probably save you both time and money by working with 
you on ways to use standard Allen Hex-Socket Cap and Set Screws, where 
specials may seem to be necessary. Just send blue prints, or good descriptions, 
of your product designs to our Engineering Department, or talk with your 
Allen Field Representative. 


“ALLEN manufactures 1457 standard items 


Stocked and sold by leading industrial distributors everywhere 
Al . c= MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 
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SAVE OVER 50% 


PUNCHING HOLES IN 
EXTRUSIONS, SHAPES 
AND ANGLES! 


; 


WALES "C-E” TYPE SELF-CONTAINED TOOLING 


Hole Punching of formed and extruded shapes, is a simple 
operation with WALES self-contained C-E type tooling. 
Punch, die and stripping mechanism are all integral parts of 
the unit. Alignment is automatic! 
The same tooling may be used in 
any pattern and the set-up is FAST. 
A wide variety of units is available 
to fit almost every hole punching 
need. WALES C-E type tooling is 
a must for economy minded shops. 
A few of the many shapes and 


extrusions punched with WALES 
C-E units. 


SEND FOR BULLETIN No. 12J 


Lf Za TTY 


ale 


AKRON, NEW YORK 
WALES-STRIPPIT OF CALIF., SOUTH GATE, CALIF 
WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT 


WM me eh be ie 


Specifications, illustrations 
and data to help you 
solve the toughest 
hole punching problems. 
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Thermal and Acoustical Insulation 


Problems. August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 
pliance design. Applications are 
discussed in refrigerated equipment; 
ranges; water-heaters; air condi- 
tioners; and home laundry equip- 
ment. Materials discussed include: 
improved types of fibrous glass; 
gas-filled insulation; cellular or 
foam plastics; molded fibrous glass. 
Acoustical design problems are also 
analyzed and applications of fibrous 
glass described. Property charts; 
temperature analysis charts; appli- 
cations illustrations. (723) 


Minimizing Partially Developed Relay 


Tree Circuits. August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


High-Precision Electromechanical Lin- 


ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westing- 
house “Nultrax.” (725) 


Design Procedures for Special Type 


High - Temperature Transformers, 
July and August, 1957, 20 pages. 
A two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: Transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization and vibrator 
supply transformers. (735) 


Ceramic Permanent Magnets for Mo- 


tors, July 1957, 8 pages. Property 
data are given on barium ferrite 
materials both nonoriented and 
oriented, and design procedures 
presented for their use as pole ma- 
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electronics 


wrapping up a problem in 


...Coatings for 
sub-assemblies 
suggest other jobs for DUREZ phenolic RESINS 


IF YOU ARE FACED with a situation requiring exception- 
al properties in a bonding, impregnating, or coating agent, 
consider what Erie Resistor Corp. accomplished when it 
turned to Durez resins for its Pre-Assembled Components. 
DEVELOPED TO EFFECT major cost reductions for elec- 
tronic equipment manufacturers, these Erie“ PAC” circuits 
combine capacitors and resistors in unitized packages for 
quick installation in a printed circuit board. Complete 
flexibility of design is offered in modules combining up 
to 90 components in one package.” 
INSULATING PROPERTIES, mec- 
chanical strength, and heat resistance 
of Durez thermosetting phenolic are 
key factors in the protective dip-coat- 


Phenolic Plastics that Fit 


DUREZ PLASTICS 


HOOKER ELECTROCHEMICAL COMPANY 


ing applied to “PAC” units. With Durez, Erie meets its 
own requirements that no migration or peel-back of insu 
lating material occur when a soldering gun is applied. 
In the dip compound the resin produces a material that is 
free from running or sagging. The slight porosity of 
Durez allows Erie’s protective wax coating to penetrate 
to a depth that insures complete insulation, and it cures 
to a hardness that permits stamping or color coding 


Can the remarkable properties of Durez thermosetting 
phenolic resins solve a problem for you? Whether 
thermal, electrical, or mechanical characteristics come 
first in the application you may have in mind, why not 
look into Durez now? Feel free to call on our long ex 
perience with these materials. 


the Job 


nt da 


CHEMICALS 
PLASTICS 


DIVISION 


1310 WALCK ROAD, NORTH TONAWANDA, N. Y. 


1957 
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READY NOW! 


Wow 
STYLE 506 


SUB-MINIATURE RELAY 


for Critical Applications in 
Low Level Circuits and for 
General Purpose Use on Air- 
craft and Missiles 


STYLE 506 RELAYS —designed to 
meet the requirements of MIL-8- 
25018 (USAF)—are now in pro- 
duction at Price Electric Corpora- 
tion. They are available in two 
types — for low level operation, 
ond standard design for general 
purpose use. Both are hermetically 
sealed. 


COIL DATA: Standard DC volt- 
age is 26.5 VDC with DC coil 
resistance of 400 ohms + 10% 
at 25C. 


DUTY: Continuous 


CONTACTS: Contact arrangement 
is DPDT. Standard contacts are 
suitable for low level circuits or 
general purpose use. Normal rat- 


ing is 2 amperes, non-inductive 
at 26.5 VDC. 


LIFE EXPECTANCY: Mechanical 
life in excess of 20,000,000 cycles. 
Exceeds 750,000 cycles at 2 am- 


peres non-inductive. 


CONSTRUCTION 
Low-level Circuits 
special design permits isolation 
of all organic materials from the 
contact chamber. Each relay is 
“ideal” condi- 
tions in air-conditioned, pressur- 


assembled under 


zed room 
General Purpose 
tandard design, without the 


solation feature. 

New balanced armature design 
gives high shock, 
vibration, and acceleration. 


immunity to 


Two types of terminals available 


—solder (illustrated) or plug. 


WEIGHT: 1.5 ounces 


t 


oS aee ? O RATS 
FREDERICK, 


Actual 


ON 
MARYLAND 


Circle 324 on page 17 


2M1q. Holes 
125 Die 


} 
NOTE: When ordering, specify 


whether for “‘Low Level” or 


“General Purpose” use. 


Size 


Integration 


terials for permanent magnet d-c 
motors in a wide range of sizes. 


(731) 


of Dielectric Materials, 
Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society: Property and ap- 
plication data on fluorinated gase 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics _ for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
insulation. Statistical studies in in- 
sulation life. Tables and graphs are 


included. (721) 


Using Boolean Algebra to Design 


Static Control Circuits, July 1957, 
12 pages. Staff report of Boolean 
algebra design techniques employ- 
ed by an original equipment man- 
ufacturer to translate mechanical 
sequence descriptions into machine 
control circuits of commercially 
available static logic elements. I- 
lustrated step-by-step with actual 
design work sheets detailing the 
evolution of a typical machinery 


drive control. (720) 


Relay Design Targets, June 1957, 12 


pages. Report of the 5th Electro- 
Magnetic Relay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relays for 
reliable operation under extreme 
conditions of shock and vibration 
such as encountered in missile cir- 
cuits. (717) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5- 
$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 
(724) 


Applications for Glass Materials and 


Components, June 1957, 8 pages. 
Glass as an engineering material is 
discussed in three broad classifica- 
tions: (1) Structural applications; 
(2) components; and (3) special 
purpose materials. Properties are 
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CONVENTIONAL 


ENAMEL 
Class A 


FORMVAR 
Class A 


FORMEZE 
Class A 


ENAMEL ‘’G”’ 
Class A 
(unofficially 
Class E) 


GENERAL CABLE 


ENAMEL and 
MAGNET WIRES 


FILM 


An oleo-resinous enamel which 
has high dielectric strength, good 
adhesion and flexibility, and low 
cost. 


A polyvinyl acetal resin which has 
superior adhesion, abrasion re- 
sistance, flexibility, and outstand- 
ing toughness. 


A Formvar base with a thermo- 
plastic cement overcoat which can 
be readily bonded by heat or 
solvent. Especially suitable for 
coils of special shape. 


A polyurethane-base synthetic 
enamel. Its excellent solderability 
at relatively low temperatures, 
exceptional moisture resistance, 
and outstanding dielectric prop- 
erties make it ideal for electronic 
and communication applications. 


PAPER 

Class O (dry) 
Class A (in oil 
or impregnated) 


sulation. 


COTTON 


Class O (dry) 
Class A (in oil 
or impregnated) 


DACRON* GLASS 
(FIBER) + 


resistance. 





NYLON 
Class A 


HERMETIC 
FORMVAR 
Class A 


LECTON* 
Class A 
(unofficially 
Class E) 


ISONEL 
Class B 


A special rope paper tape in- 


Combed cotton yarn insulation. 


INSULATIONS 


Nylon is comparable to Formvar 
except that the dielectric proper- 
ties are affected by moisture. In 
addition, it solders readily and 
has superior winding qualities in 
some applications. 


A special Formvar film having ex- 
cellent resistance to Freon. 


An acrylic polymer having opti- 
mum resistance to Freon. 


A polyester-base synthetic enamel 
suitable for Class B (130 C) insula- 
tion systems. Its handling proper- 
ties are comparable to those of 
Formvar except for somewhat 
greater sensitivity to heat shock. 


SILK, NYLON | 
(YARN), RAYON | 
| 
| 


Natural or synthetic textile in- 


Class O (dry) sulation. 


Class A (in oil 
or impregnated) 


GLASS (FIBER) 
Class B (with 
conventional 
varnish) Class H 
(with silicone 
varnish) 


Electrical-grade glass yarn 
bonded with varnish. 


Combination of Dacron (polyester)—glass yarn, bonded with varnish. Dacron yarn im- 
proves the adhesion of the insulation to the copper and provides greater abrasion 


+Classification not yet definitely established (Probably Class B with conventional varnish; possibly 
Class H with silicone varnish) 


COMBINATION FILM and TEXTILE or PAPER INSULATIONS—Any of the enamel films may 


be combined with any of the textile or paper insulations to meet special requirements. 


ie 


<2 
wei 


IT’S NEW! 
6” Plastic Non-returnable Spools. 


for quality and service... Specify GENERAL 


cre registered 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, New York 
Offices and Distributing Centers Coast-to-Coast 


me 


* CABLE 
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summarized, applications analyzed, 
illustrations and property data 
provided. (716) 


Review of Environmental Test Equip- 
ment, May 1957, 8 pages. Points to | 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 
reference. (718) 


Capsule Calculus, May 1957, 20 GIBSON CONTACTS 


pages. A refresher course for the 


older engineer, taught from a sim- in new S&C “Loadbuster” 


ple logical standpoint. Detailed 


proofs and elaborate examples are help linemen open switches 


omitted in favor of easily followed ‘ ee ° 3 
discussions. Part I discusses basic without pulling arc 
principles of differentiation; Part II, 

integration, and Part III interpreta- 

tion of equations involving time 

and motion concepts. (727) 


Considerations in Testing Thermistors, 
May 1957, 8 pages. Proper meas- 
urement techniques for design and 
acceptance testing of thermistors. 
Methods are described for deter- 
mining resistance, voltage, time 
delay, and temperature-resistance 


slope. (715) 


Temperature Rise in Servo Motors, 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature © S&C ELECTRIC COMPANY 
rise specifications, and a discussion developed the “Loadbuster,” a 
of basic heat transfer laws. Ex- eet ae device qoateting <lec- 
4 rork . trical linemen to open heavy 
—, a =. A exces of power-line switches without “‘pull- 
therma con uctivity and heat trans- ing an arc.” For this rugged-duty 
mission included. (734) product, the electrical contacts 
must be high in non-sticking, arc- 
i . . sisti erties, and long life. 
Characteristics of Metal-Clad Lami- a ee s 
nates, April 1957, 8 pages. Results GIBSILOY W-15 
of a Navy-sponsored National Bu- silver-tungsten contacts were 
reau of Standards investigation chosen by S&C to do the job. 
dealing with the following major © GIBSON CONTACTS 
characteristics of metal-clad lami- can do the same for you. We offer 
nates used in printed-circuit design: a complete line of contact mate- 
Current-carrying capacity; surface rials, forms, and assemblies to 
aaa as  abiteies at onan meet requirements of your elec- 
= - we ame — - : trical product. Contact us to quote 
units; dielectric constant and dis- on your next job. Our engineers 
sipation factor under various tem- will help you in contact design. 
peratures and frequencies. Typical ei ee 
== —™ 


test data are charted including a Z . ' 
3 : . f ; 8 : See our catalog in Sweet's 
special design guide showing basic Product Design File 
relationship of current to temper- | \\ " . fer Gibson 
° ° ° w 
ature rise for various cross-sectional Ae 7 520 
. Catalog C- 
areas of copper. Metal-clad lami- 
HOLTZER-CABOT MOTOR DIVISION nates investigated include glass- 
NATIONAL PNEUMATIC CO., INC. mat-epoxy; paper-base phenolics; 
125 Amory Street, Boston 19, Mass glass-mat Teflon; _ silicone-glass; | 
GENTLEMEN: () Please send me data sheets on the melamine-glass; and nylon-base | 
Holtzer-Cabot R-25 Motor. ) 


ibsilo 


ELECTRICAL CONTACTS 


Please have representative call on . phenolic. (726) 


Effect of Radiation on Semiconductors, 
Company........ i April 1957, 12 pages. Graphical oe oS oo 
iat presentation of performance deg- 


radation of typical semiconductors fe Tet aa ELS Co MPANY 


as a result of exposure to various BOX 590, DELMONT, PA. 
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New Design Compendium on 


Casting Resins and 
Application Techniques 


I. a continuing editorial program reporting developments in 
dielectrics and insulating materials, ELECTRICAL MANUFACTURING 
has been directing special attention to the use of casting resins for 
embedment, encapsulation and impregnation. It’s a development 
that has contributed greatly to the improved reliability of electronic 
gear under severe environmental and operating conditions. 

A selection of eight feature articles which have appeared in 
ELECTRICAL MANUFACTURING during the past several years dealing 
with embedment, encapsulation and impregnation of circuit units 
and components, has been brought together in a handy booklet for 
reference use. The following articles—check them for their signifi- 
cance and timeliness—are included in complete form: 


The Epoxy-Resin System for Embedded Circuit and Components, (April 
1955). Starting off with outstanding adhesion to metals and with low 
shrinkage during cure, the epoxies can be compounded and reacted to 
provide a flexible and wide-range system of casting resins for many 
embedment and encapsulation applications. This review includes sev- 
eral first-hand case-history reports showing how special epoxy com- 
pounds are developed and fae to meet specific design requirements. 

Automatic Machine for Cast-Resin Applications, (September 1955) Design 
for cast components and circuit sub-units is facilitated by the use of 
an automatic production-line resin-mixing and potting or embedment 
machine. Principal advantage is the elimination of short-time wasteful 
operation previously imposed by the limited pot life common to most 
two-constituent resins used in casting. Authors provide details of 
machine design, construction and operation. 

Polyester Casting Resins for Rigid Insulating Parts, (October 1955). Here 
are some examples of cast-resin work in electrical components such as 
terminal strips and cable terminal blocks, as well as an electrical test 
fixture, The advantages and difficulties encountered in these applica- 
tions are reviewed in detail. 

Problems in Casting Electronic Components, (October 1955). In applying 
casting resins to components such as resistors, capacitors, rectifiers and 
iron-core components, it is essential to understand fully the structure 
of the components and the physical and chemical nature of the resin 
compound. This article offers a component-by-component analysis. 


Effects of High Humidity on Dielectric Properties of Casting Resins, 
(April 1956). Navy evaluation program reports results of humidity tests 
made on some 16 different epoxy and polyester compounds. 

Copper-Inert Flexible Coil Encapsulation, (November 1956). New butyl 
rubber compound is free of any corrosive effects on the copper wire, 
thus making it possible to use butyl for encapsulation of fine magnet 
wire coils. Materials also meet requirement for suitability in low-cost, 
high-production rate processes. This report cites results of development 
program and evaluation tests. 


Environmental Tests for Embedded Electronic Units, (December 1956). 
Applications for cast resin-embedded electronic units and subassem- 
blies are steadily broadening and requirements become increasingly 
tougher. Which embedment compound to use is a question that needs 
painstaking evaluation before a decision is made. Here is a documented 
report from Westinghouse that gives the comparative score on polyester- 
and epoxy-embedded units in relation to a particular set of require- 
ments. 


Resin-Embedment Process Control for Optimum Electronic Package 
Design, (January 1957). Chemical processes in the embedment, en- 
capsulation and potting of electronic packages by means of epoxy- or 
i a resins are not simple. Their successful use requires 
proper controls throughout the system and extreme care in package 
design. Proper design of embedded electronic packages can best be 
achieved by cooperation between the process engineer and the product 
design engineer 


Vv 


‘i 52-page Multiple Reprint in- 
cludes each article in complete form 
with all original illustrations. It in- 
cludes also a useful annotated bibliogra- 
phy comprising more than one hundred 
selected articles dealing with dielectrics 
and insulation materials. Book is 8% x 
11 in., printed on heavy paper and 
saddle stitched. 

Single copies are priced at $2.00 
each. In quantities of 5 (for shipment 
to a single address) $1.75 each; in lots 
of 25, $1.50 each. Orders should be 
accompanied by remittance including 
3 per cent sales tax for New York City 
deliveries. Please make checks pay- 
able to: 

The Gage Publishing Company 

1250 Sixth Ave., New York 20, N. Y 


Other Compendiums 
Available 


Human Engineering in Equipment 
Design, 94 pages. $2.50 
Ten previously published articles 

dealing with the theory, techniques and 

practice of human engineering written 
for the special needs of the product 
designer. Relationship between human 
engineering and broad aspects of re- 
liability and maintenance are discussed 

Several articles emphasize design case 

histories and analyses of specific design 

parameters, including problems in mili- 

tary equipment, control systems, data 

processing systems, special purpose in- 
strumentations, and training devices 


Practical Circuits for Grid Control of 

Thyratrons, 52 pages $2.00 

A collection of five articles by P. H. 
Chin and E. E. Moyer, appearing Janu- 
ary to May 1956, summarizing all that 
is known about thyratron grid-control 
circuits. Coverage includes on-off con- 
trol with both a-c and d-c plate volt- 
ages; bridge-type circuits with both 
linear and non-linear elements; phase- 
shifted a-c signals as the control vari- 
able; a-c plus d-c control; the two- 
vector method; effects of load-circuit 
parameters on thyratron performance: 
peaking transformers; and the applica- 
tion of interphase transformer windings 
to multiple rectifier systems. 


Servo Series, 48 pages. $1.50 

A collection of five articles by servo 
engineer-teacher Ira Ritow, appearing 
February to June 1956, summarizing the 
fundamentals of servomechanism de- 
sign. The series is intended for the non- 
servo engineer and avoids almost totally 
the use of complex math and obsure 
terminology. Yet, the series is complete 
enough to permit the reader to design 
and analyze a simple servo. Coverage 
includes how and why servos work: 
servo terms and specifications; selection 
of components: linear and non-linear 
servo design, linear analysis; impact- 
momentum analysis; and the phase- 
plane method of servo analysis. 
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FLUOROFLEX 


products for electronic uses 


... made of TEFLON® 


FLUOROFLEX-T “electrical grade” 
products are produced with no 
porosity. Conformance to AMS 
3651 is certified. This assures re- 
liability for even the most critical 
high frequency applications. 


RODS 


All Fluoroflex-T rods, sheets and 
tubes are stress relieved for uni- 
form parts, easier machining with 
fewer rejects. Available in wide 
range of dimensions. Send for de- 
tails and quotations. 


1S 


SHEETS 


made of KEL-F® 


FLUOROFLEX-C sleeving is the ulti- 
mate in Class H insulation for 
tight spaces and hot spots. Ex- 
truded from a new type of Kel-F 
resin which has improved flexibil- 
ity and elongation, it assures free- 
dom from porosity encountered in 
other more costly sleevings for 
356°F service. 


tough 


Class H 


Available in wide range of sizes, 
transparent and in translucent 
standard colors. Send for data. 

® FLUOROFLEX: Resistofiex trademark 


TEFLON DuPont trademark 
KEL-F Minnesota Mining & Mfg. Co. trademark 


20th year of service to industry 


RESISTOFLEX 


| Static D-C References for Closed 


CORPORATION © Roseland, N. J. * Western Plant: Burbank, Calif. 
Southwestern Plant: Dallas, Tex. 


WAREHOUSING DISTRIBUTORS: Calif., Los Angeles, San Francisco—Western Fibrous Glass Prod 
ucts. Del., Wilmington—Briggs Rubber Products Co. Ga., Atlanta—Southeastern Plastics Sales Co. 
Iinois, Chicago—Dearborn Rubber Corp.; Flow Products, Inc. Mass., Norwood—Laminated Sheet 
Products. Md., Baltimore—Briggs Rubber Products Co. Mich., Dearborn—F. B. Wright Co. Minn., 
Saint Paul—Plastics Inc. N. Y. & N. J., New York & Elizabeth—Allied Plastics Supply Corp. Ohio, 
Cleveland—Koehler Rubber & Supply Co. Pa., Philadelphia, Pittsburgh—Briggs Rubber Products Co.; 
Shields Rubber Corp. Texas, Houston—Lone Star Rubber & Specialty Co. Wash., Seattle—Western 
Fibrous Glass Products Co. Wis., Milwaukee—Robbins Plastics & Rubber, Inc 
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levels of particle bombardment. 
Data is presented which aids in 
predicting interim behavior as ir- 
radiation progresses so that proper 
application and circuit design can 
be made to obtain acceptable oper- 
ation within desired limits. (704) 


| Preferred Circuits, March 1957, 20 


pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the 
National Bureau of Standards to 
evolve reliable circuits for common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance, 
training, and stocking. Circuits de- 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan- 
tastron delays. (730) 


Timed Acceleration of D-C Motors, 


March 1957, 12 pages. Three elec- 
tronic control circuits for program- 
ming linear acceleration ana decele- 
ration of integral-hp d-c motors in 
closed-loop drive systems: (1) For 
linear acceleration during startup 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 
speed changing. (713) 


Signal Pickoffs for Control Systems, 


March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (714) 


Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for 
determining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 
of the thermal design on relia- 
bility. (711) 


Loop Controls, January 1957, 12 
pages. Describes in fundamental 
terms the operation of voltage- 
regulator circuits using magnetic 
amplifiers, silicone diodes and tran- 
sistors. Simple equations are de- 
rived for use in actual design of 
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Put the RIGHT LIGHT to Work for You! 


There are so many useful applications for Miniature 
Lighting in both consumer and industrial fields—and 
sO many, many types and variations of expertly de- 
signed, well made Miniature Lighting Assemblies 
available in the big DRAKE line—that selection of just 
the right unit for the specific job can be confusing, 
if you're not a specialist. 


That's where DRAKE can be a great help. We are 
specialists in the field of Miniature Lighting—have 
been for more than two decades. We've worked with 
leading manufacturers, great and small, on the solu- 
tion of almost every conceivable type of signal, indi- 
cating and illuminating problem. Often, we can come 


up with just the right answer by using a standard As- 
sembly, or a minor variation of it. In many other cases, 
we have developed entirely special units where the 
application poses unusual requirements. 


With the right light for your toaster or instrument 
control panel—your modern stove or your vending 
machine — you can get greater safety and efficiency in 
product use, enhanced consumer appeal, improved 
production methods. So an accurate Miniature Light- 
ing prescription from DRAKE is well worth while. 


GET THE RIGHT IDEAS—THE RIGHT DATA—FOR 
YOUR MINIATURE LIGHTING: This quick-reference 
catalog makes it easy to select the Miniature Lighting units 
which fit your particular requirements best. 16 fact-packed, 
fully illustrated pages include detailed specifications; plus 
highly useful data on basic unit elements, best choices for 
various uses, etc. Our copyrighted Project Data Sheet 
comes with it, makes it easy to get specific recommendations 
for your job from our expert Miniature Lighting engineers, 
if you have a special problem. You'll get top results, greatest 


economy, with this unique service. 


sk Send for your copy of the complete 
DRAKE catalog, with the Project Data 
Sheet, right now! 
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G-E GLOW LAMP PROVIDES NEW, 
LOW-COST CIRCUIT CONTROL 


Before a G-E Glow Lamp starts, it is essentially an open circuit. 

When the lamp is biased to a point just below its starting voltage, 

the application of a pulse sufficient to raise the applied voltage to 

that which is required for starting causes the lamp to conduct— 

and the pulse to be transmitted to the other components. Apply 

reverse pulse and the lamp is extinguished, the circuit broken. 
A Single G-E Glow Lamp May Serve As A: 


RELAXATION OSCILLATOR « LEAKAGE INDICATOR 
SWITCH « VOLTAGE REGULATOR ¢ VOLTAGE INDICATOR 


If you’d like more information on the amazing 


SLOW CAMPS 
— G-E Glow Lamps, send today for your free copy of 
° ‘2 : p 
; j | the folder, “Glow Lamps as Circuit Control Com- 
mae ponents”. Write: General Electric Co., Miniature 
grantee 


Lamp Dept. EM-107, Nela Park,Cleveland 12,Ohio. 


Progress ls Our Most /mportant Product 
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reference-voltage sources and in 
examining the performance of the 
completed circuit. (708) 


Resistor Evaluation for Critical Ap- 
plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance stability, and stamina require- 
ments, and for derating available 
resistors of various types for specific 
applications. Examples are based 
on resistors manufactured to speci- 


fication MIL-R-10509A. (707) 


Magnetic Materials Push Back Design 
“Stops,” January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and 
Apparatus and Devices and Com- 
ponents disclosed at the second 
national AIEE Conference on 
Magnetism and Magnetic Mate- 
rials. (706) 


Magnetic Amplifiers in Power Servos, 
November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning appli- 
cation (antenna array) indicates 
potential application to machinery 
control. (709) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several.separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. An annotated bibliog- 
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Production lines hum—transportation and distribution move 
fast to keep up with the pace of sales. 

ONE TOUCH OF GENIUS back in 1910 by a Janette engi- 
neer made it possible for all design engineers to have at all 
times the exact precise control of speed and power needed to 
give them the right speed — the right power — in one single 
machine — in a wide variety of models — in any horsepower 
from 1/150 to 7% in any needed mounting position. 

When your design includes Janette gear motors and speed 
reducers — the great factor of the right speed and the right 
power is achieved. Then you have the opportunity to design 
that ONE TOUCH OF GENIUS into your product which will 
lift that product above all competitors. 


Write for Janette Bulletin 5-105-E5. Get the 
complete Janette story. 


REPRESENTATIVES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


‘||| | | aoe alan metered 


MORTON GROVE, ILLINOIS 














ELGIN 





announces the 


Low Chat 


electronic parts distributor! 


NOMINAL POWER REQ.—DC relays, 1 
to 2 watts; AC relays, 2 to 3 volt amperes. 
NOMINAL VOLTAGE—DC relays, 6 to 
120 volts; AC rélays, 6 to 220 volts. (On 
specification, DC voltage coil up to 220 
volts or AC voltage coil up to 440 volts 
can be supplied.) 
RESISTANCE — DC relays, 25 to 8,000 
ohms; AC relays, 4 to 5,000 ohms. 
PULL-IN CURRENT VALUES—7.2 Milli- 
amps max. at 2,500 ohms; 5.0 milliamps 
max. at 5,000 ohms. 
DUTY CYCLE—continuvous. 
TEMPERATURE RANGE— —55 to 
+85 C when specified. 
INSULATION RESISTANCE — 100 mec- 
ohms min. 
DIELECTRIC STRENGTH — standard: 500 
volts RMS. (When specified, 1,000 volts 
RMS can be met.) 
MAXIMUM WEIGHT—2 ounces. 
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ADVANCE 
GH 


SERIES 


tilgel Plays 


... open or plastic enclosed 


Elgin’s new GH series combines the high efficiency required of gen- 
eral purpose relays with low cost. Their midget size suits them for 
installations where space is a problem (see specifications below). 
Open relays in 5 and 10 ampere ratings and clear plastic dust-tight 
enclosed 5 ampere relays are immediately available from stock. 
Specify dependable ELGIN performance . .. specify GH from your 


SPECIFICATIONS 





GHA SERIES, 5 amp. open relay 


Contact rating, 5 amps. resistive, 2 amps. 
inductive at 115 volts AC or 26.5 volts DC. 
Contact material is fine silver, 1C,2C,3C 
arrangements only. Relay is 1.1” high, 
1.732” long and .937” wide. Contact ter- 
minals can be used as solder lugs or for 
printed circuitry. 


(Also available: GHB series, 10 amp, open 
relay.) 


GHP SERIES, 5 amp. clear plastic en- 
closed relay. 


Dust-tight plug-in. Contact rating, 5 amps, 
resistive, 2 amps. inductive at 115 volts 
AC or 26.5 volts DC. Contact material is 
fine silver, available in 1C or 2C arrange- 
ments only. Enclosure is 2'%'* x 1134," 
overall. 2," overall length above chassis. 


’ 





ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
2435 N. Naomi Street, Burbank, California 
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raphy of articles in electrical insula- 
tion and dielectrics is included. 


$2.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
contro] systems, data processing 
systems, special-purpose instrumen 
tations, and training devices. Meth- 
ods for setting up human engineer 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do's and 
don’ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 


Electrical Insulation and Dielectrics— 
1955. Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
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Electronic Circuit Designer Robert G. Hilden- 
brandt tells why developing circuits for tran- 
sistorized airborne computers at IBM Owego 
offers the professional challenge of a lifetime. 





What’s it like to be a Creative Engineer at 





“Since joining IBM Owego in 1952, I’ve seen 
some amazing developments in advanced 
electronic circuitry. I’m now leading a six- 
man team responsible for all circuits within 
an airborne computer. Challenge? It’s tre- 
mendous. We’re working not only on present 
systems but those of the future!’ 


For those who can qualify, developing circuitry 
for airborne computers offers one of the most 
challenging assignments in electronics. At 
IBM Owego, there are excellent opportuni- 
ties for creative Electronic Circuit Designers 
experienced in: Transistor circuits for digital 
computers; high-frequency power supplies; 
magnetic amplifiers, regulators, storage de- 
vices, cathode ray tube display systems; 
airborne radar system circuits. 


Challenging assignments for well 
qualified E.E.’s, M.E.’s, 
Physicists and Mathematicians in: 





e Digital computer systems and logic 


FOR DETAILS, just write, outlin- e Radar systems 


ing background and interests, to: : , 
e . ¢ Inertial guidance 

Mr. R. A. Whitehorne, Dept. 5510 e Test equipment development 

Mgr. of Technical Recruitment 

International Business Machines Corp. 

590 Madison Ave., New York 22,N. Y. 


e Electronic circuit design 


DATA PROCESSING 
ECTRIC TYPEWRITERS 
MILITARY saieusae 
SPECIAL ENGINEERING PRODUCTS 
PRODUCTS cae 


TIME EQUIPMENT 





Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, Yorktown, N.Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif 




















Increase 
Production 
Efficiency 


with Precision Made 


The uniformity and toughness of Wisconsin 
ceramic parts give you a closer fit, speeds 
assembling and reduces production costs. 


Wi e Wisconsin Porcelain Co.'s line includes: 
isconsin PORCELAIN—Pieces are of consistent high quality 

° —furnished with very white finish, or glazed 
Ceramic in various colors. 


STEATITE— Meets your needs where low loss, ability 
to withstand electrical shock or low water 
absorption are requirements. 


Parts 


REFRACTORY—Especially suited to applications 
where great temperature variation is a factor. 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN 
PORCELAIN CO. 
1S Market St., Sun Prairie, Wis 


GE aw 


FILTER—Designed to accurately filter and control 
flow of liquids. 


TELL US YOUR REQUIREMENTS — our ceramic engineers 
will work with you in selecting or designing the part best 
svited to your application. 
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GRC CUTS TINY BUSHING 
COST TO '2.00/M 


Die cast by GRC in zinc alloy in a single automatic operation, 
this former screw machine part for a ball point pen, now 
costs little more than $2.00 per thousand in lots of a million. 


Each bushing is uniform, clean and accurate—no cut-off 
marks, no burrs, no secondary trimming and no scrap loss. 


Typical of the production economies and wide design latitude 
which GRC’ s exclusive patented methods have made possible 
on parts “no bigger than your thumbnail!’’ (Maximum size 


144” long, 42 0z.; no size too small). 





Simple or complex, let GRC’s unique techniques go to work for 


cap nuts, rivets, gears and pinions 
you'll be glad you did. 


Write, wire, phone TODAY for } 
bulletins, spec sheets and prices. j 
Send prints or specs for quotation. ® 


GRIES REPRODUCER CORP. 






u 
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ee you... on tiny die cast and plastic molded parts made to 
: order . . . on their wide variety of standard parts available 
in stock—wing and round head thumb nuts and screws, 
i : : 
a . 


orld’s Foremost Producer of Small Die Castings+ 149 Beechwood Ave., New Rochelle, N. Y. NEw Rochelle 3-8600 





avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design, 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 

Title 5 25 

Casting Resins 1.75 1.50 

Human Engineering 2.25 2.00 
Electrical Insulation and 

Dielectrics—1955 2.75 2.50 

Servo Series 1.85 1.25 

Thyratrons 1.75 1.50 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 


Postcard return cards are provided 


on page 17 as a convenience to the 
reader in obtaining— 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any product 
or service described. 
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NOW AVAILABLE FOR 
INDUSTRIAL USES 


The same dependable infinite controls used so 
successfully in millions of electric ranges are now 
available for hundreds of uses in industry. 


Proctor bimetallic controls offer... accurate, yet 
inexpensive, control of average wattage input... 
new circuit simplicity...ease of calibration and full 
control between 6 and 100% of rating... voltage 
compensation at all settings except “FULL”... double 
line break at the “OFF” position. 


aL 
a 


R FOR MAIN BIMETAL 
NRL aae an 





Model 500—FLASHER—INFINITE INPUT CONTROL 


Provides an initial period of full energization for 
extremely rapid preheating, along with infinite input 
control. For use where waiting time must be kept to 
Q minimum. 


Mode! 400—PROPORTIONING INFINITE TEMPERATURE CONTROL 


Accurately maintains any preselected temperature 
between 120° and 450°F. A sensing device in contact 
with the heating surface acts with the remote selector- 


control to proportion wattage input for any heat- 
ing load. 


These PROCTOR controls are small, easily in- 
stalled and have a minimum of operating parts and 
electrical connections. There are no motor driven cams 
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INFINITE WATTAGE 
ONTROLS BY PROCTOR 


Model 510— 
INFINITE INPUT CONTROL 


The basic unit in the PROCTOR family of controls. 


Its purpose is to provide infinite, stepless control of 


wattage input at any preselected setting from 6 to 
100% of rating. 


Other PROCTOR Infinite Controls are: 


or sliding contacts. Life tests up to Y% million cycles 
show negligible contact wear. There are models for 
loads up to 3000 watts at 236 volts A.C., and to 
1500 watts at 118 volts A.C. Flasher units operate at 
6400 watts at 236 volts A.C. 


Ask for bulletin No. G-57A, giving com- 
plete details on the PROCTOR infinite 
Input Controls. Write or phone for your 
conv todav. 


PROCTOR 


PHT leat am hela) 
PROCTOR ELECTRIC COMPANY 
RICCO CMe ee Me 
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Ready for quick shipment to 
you... Kellogg’s top-quality 
Cam Keys. The T frame con- 
struction allows any number 
of spring combinations of 
either locking, restoring, or 
both locking and restoring 
type. These Cam Keys are 
rugged and withstand the 
most severe breakdown test 
of any key on the market. 
Kellogg supplies industry 
with a top-quality line of keys, 
relays, jacks, plugs, and other 
components. Inquiries on 
quantity lots invited. 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Tele- 
phane and Telegraph Corporation. 

Sales Office: Dept. 70-1), 


6650 S. Cicero Ave., Chicago 38, III. 





KELLOGG SWITCHBOARD AND SUPPLY CO. 
A Division of 
International Telephone and Telegraph Corp. 


QUALITY COMPONENTS FOR INDUSTRIAL CONTROL 


QUALITY COMMUNICATIONS SYSTEMS 
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Association Activity 





Program Arranged for Ninth Annual 
AIEE Machine Tool Conference 


The program for the Ninth Annual 
Machine Tool Conference of the AITEE, 
to be held at the Hotel Schroeder, 
Milwaukee, Wis., on Nov. 4, 5 and 6, 
has been completed. Interest in this 
conference can be judged by the pro- 
gram which is neither top-heavy nor 
monotonous. 

In part, it deals with, and in effect, 
it presents the first reports of expe- 
rience with the various versions of 
“Stored Intelligence Control” for a 
number of important applications made 
in the past few years. It also deals 
with recent and little-known develop- 
ments in electric motors, and last, but 
not least, advances in the art of con- 
trol are described. 


Monday ° Nov. 
“W elcome” 


man, 


1 2:00 p.m. 
Harry E. Ankeney, Chair- 
Machine Tool Conference. Man- 
ager—Research, The Giddings & Lewis 
Machine Tool Co. 

Need for Machine Tool 


William Ryan. President, 


“Industry’s 
Betterment” 


ASME. 

“Engineer of the Future”’—Ben Elliot, 
head of ME Dept.. Univ. of Wisconsin. 
“Reliability of Electronic Machine Con- 
trol”—-H. L. Palmer, Manager of En- 
gineering, Specialty Control Dept., Gen- 
eral Electric Co. 

“Maintenance Training for Numerically 
Controlled Machines’”—Charles E. John- 
Electronic 
Airplane Co. 


son, Supervisor, Training, 
Boeing 
“Electronic Maintenance Experience at 
North American Aviation’—Alan R. 
Davis—Group Leader, Plant Engineer- 


ing North American Aviation. 


“Machine Tool Path Control from 
Stored Intelligence.” Panel—Panel 
Moderator, George E. Kinney, Chief 


Equipment Engineer, Hughes Tool Co., 
Aircraft Div. Panel Members—Wallace 
Brainard, Chief Engineer. Servo Ma- 
chine Tools, Kearney & Trecker Corp.: 
Alexander F. Executive Vice- 
President, Electronic Control Systems, 
Inc.; Grover Bender, Senior Manufac- 
turing Engineer, Manufacturing Re- 
search & Development. The Martin Co.; 
Murray Kanes, Head, Electro-Mechan- 
ical Dept., Bendix Aviation Research 
Lab.; Edward F. Carlberg, Jr., Chief 
Numerical Control Staff, Boeing Air- 
plane Co.; John L. Dutcher, 


Brewer, 


Senior 


Application Engineer, General Electric 
Co.; Bernard Gaiennié, Administrator, 
Research & Development, Northrop Air- 
craft, Inc.; Kenneth S. Jensen, Re 
search Coordinator, Giddings & Lewis 
Machine Tool Co.: William Webster, 
General Engineer, Automatic Control 
Systems, AMC, USAF, Wright-Patter- 
son Air Force Base, Ohio; John M. 
Morgan, Manager. Development Re- 
search Dept., Cincinnati Milling Ma- 
chine Co. 


Monday 7:30 p.m.—Banquet—Hotel 
Schroeder 

Tuesday, Nov. 5 9:00 a.m. 
“Point-to-Point Numerical Positioning 


Control”—Stephen C. Clark Jr., Sales 
Engineering Specialist, Specialty Con- 
trol Dept., General Electric Co. 


Present Metrology Spearheads — 
Future Automation Growth”’—Henry 
Boppel, Asst. Manager, Autometrology 
Div., The Sheffield Corp. 


Precision Measurement 
James L. Winget, Chief Electronic 
Engineer, Farrand Control, Inc. 


Systems” 


“Data Processing in Aircraft Lofting 
Planning, Compatible with Numerically 
Controlled Production”—D. E. Nuttall, 
Engineer-in-Charge, Product 
Div., Ferranti Electric Ltd.. 
Canada. 


Design 
Toronto. 


“New Digimatic Table Positioning Sys- 
tem”—A. F. Executive Vice 
President. Electronic Controls Systems, 
Ine. 


Brewer, 


“Cost Cutting Experience with New 
Punch Card Controlled Discrete Posi- 
tioning Lathe”’—B. T. Anderson, Chief 
Engineer, Sundstrand Machine Tool Co. 


Tuesday 12:30 p.m.—Luncheon—Hotel 


Schroeder 
Tuesday, Nov. 5 2:00 p.m. 


“A Static Proximity Switch for Con- 
trol Application’—Kenneth Lipman, 
Director, Systems Dept., Digital Con- 
trol Section, Electric 
Corp. 

“A Static Press Control”’—Steve A. 
Zarleng. Electronic Engineer, New 
Products Div., Clark Controller Co. 
“Pancake-Type” Motors—Panel, Panel 
Moderator, Viljo Hill, Browne & Sharpe 
Mig. Co. Panel members—William T. 
Nelson, Chief Design Engineer, Fair- 


banks-Morse Co.: Richard P. Ballou, 


Westinghouse 


ELECTRICAL MANUFACTURING 











ENTER THIS CONTEST 
...90 CASH PRIZES! 
















oe . 
eS oo = 
Why | prefer ALBA 
First prize . . . « « « « « $1500 
Second prize . .. . . . - $1000 
a 


plus 87 prizes of $25 each! 


In 25 words or less, tell us why you prefer K&E 
Albanene® tracing paper. Your reasons may win 
one of these 90 prizes (it’s K&E’s 90th anniversary). 


Here’s a hint: Albanene is made from 100% rag 
stock for superlative tear strength. It is perma- 
nently transparentized with an inert resin. Drafts- 
men like it because of its easy drawing qualities... 


CONTEST RULES 


1. Tell in 25 words or less ‘‘Why | prefer Albanene tracing paper.” 
2. Send all entries to K&E Albanene Contest, Box 160, New York 46, 
N. Y. Enter as often as you wish. There is nothing to buy. 

3. ae must be postmarked not later than midnight, Nov. 30, 
1957. 


4. Entries become the property of Keuffel & Esser Co. None can be 
returned. 


5. The decision of the judges is final. 


6. Winners will be notified by mail. A complete list of winners will 
be sent upon request, providing request is accompanied by stamped, 
self-addressed envelope. 


7. Contest is open to all residents of continental United States, ex- 
cept employes, and their immediate families, of Keuffel & Esser Co. 
and its subsidiaries and dealers; its advertising agency; and judges 
of this contest. 


8. Also not applicable to residents of those states where there are 
prohibitory laws. 


NENE Tracing Paper... 


pay for stays in the paper.” That’s why Albanene is 
the best seller among all tracing papers. 


Get contest aids from your K&E dealer: Infor- 
mation booklets, extra contest entry blanks, sam- 
ples of Albanene, too, if you need them. You can 
enter as often as you please. 

Or use a plain sheet of paper if someone’s already 
snipped the blank below. Give your name, address, 
and firm name, twenty-five words or less telling 
why you prefer Albanene tracing paper, and mail 
to K&E Albanene Contest, Box 160, New York 46, 
N. Y. before midnight, November 30, 1957. 














DMM KEUFFEL & ESSER CO. 
reproduction men for its high transparency and ey New York, Hoboken, N. J., Detroit, Montreal, Chicago, 
. s ‘é St. Louis, Dallas, San Francisco, Los Angeles, Seattle 
permanence. Everybody likes it because ‘“‘what you Dealers in principal cities 
fe ree Cee SSS eS ee eS eee ee EN pe eee Or eee Se ee ee Oe - 
I I 
| K&E Albanene Contest, Box 160, New York 46, N. Y. | 
| 
Here’s why I prefer Albanene Tracing Papers 2 
| | 
| | 
| | 
| Name City Zone State 1 
P | 
Street Firm Name 
fee 
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How Alcoa Aluminum 
Fasteners make good 
furniture even better 





With your good name riding on 
every aluminum chair, chaise 
and settee, yo te to assemble 


with Alcoa® Aluminum Fasten- 
ers. You get perfect color match 
and lasting good looks with ab- 
solute protection against both 
galvanic and atmospheric cor- 
rosion. Your local Alcoa distrib- 
utor has a complete stock of 
aluminum fasteners to meet 
your every need. He is listed 
in the Yellow Pages of your 
telephone directory. 


» NEW! “ALCOA THEATRE” 


oe Exciting Adventure 


Alternate Monday Evenings 








ALUMINUM - 
FASTENERS 


re SBACOA 
Your Guide 


to the Best in 
Aluminum Valve 


Fill out coupon for facts, samples 





Aluminum Company of America 
2241-K Alcoa Bidg., Pittsburgh 19, Pa. 


Gentlemen: 
Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 


Title 
Company 


Address 


me ee ae ee ee ees 


! 
| 
| 
l 
| 
| 
| Name 
| 
| 
| 
| 
| 
L 


342 Circle 336 on page 17 


Calendar of Meetings 


Oct. 7-9——National Electronics Con- 


ference, Hotel Sherman, Chicago. 


Oct. 8-12 


ciety 1957 Convention, New 


Audio Engineering So 


York 


Trade Show Building, New York. 


Oct. 9-11 ALEE Feedback Control 
Conference, Claridge Hotel, Atlantic 


City, N. I. 


Oct. 10 AIEE Reliability and 
Quality Control in Electronics Con- 
ference, Silver Spring, Md. 


Oct. 16-18—Symposium on Com- 
puters in Control; AIEE Feedback 
Control Committee with participa- 
tion by the IRE professional group 
on Automatic Control and_ the 
ASME-IRD; Chalfonte-Haddon Hall 
Hotels, Atlantic City, N. J. 


Oct. 17 


gineers 


Society of Plastics En- 
Regional Technical Con- 
ference, Hotel Carter, Cleveland. 


Oct. 17-18—National 
on Industrial Hydraulics, Armour 
Research Foundation, Sherman 
Hotel, Chicago. 


Conference 


Oct. 21-22—First National Sym- 
posium on Engineering Writing and 
Speech, sponsored by the IRE Pro- 
fessional Group on _ Engineering 
Writing and Speech, Sheraton-Mc- 
Alpin Hotel, N. Y. 


Oct. 21-23—-Annual Meeting of the 
Conference on Electrical Insulation; 
National Academy of Sciences-Na- 
tional Research Council, Pocono 
Manor Inn, Pocono Manor, Pa. 
Oct. 28-30—Annual East Coast 
Conference on Aeronautical and 
Navigational Electronics; Co-spon- 
sored by the Baltimore Section of 
the IRE and the Professional Group 
on Aeronautical and Navigational 
Electronics; Fifth Regiment Armory, 
Baltimore. 


Oct. 30 


Aircraft Electrical Society 


Chief Engineer, Howell Electric Mo- 
tors Co.: R. F. Lamkey, Manager 
Commercial Engineering Div., Century 
Electric Co.; L. A. Wendel, Principal 
Engineer in charge of large motors, 
Diehl Electric Mfg. Co.: Vern Hon- 
singer. Engineer-in-Charge Norwood 
Development Lab., Allis-Chalmers Mfg. 
Co.: W. F. Asst. Sales 
Manager 


Schreiber, 
Allis Co. 
“The New Synduction Motor”—Robert 
J. Dineen, Manager, General Industry 


Louis 


Aircraft Elec- 
S. Grant Hotel, 


Annual Display of 
trical Equipment, U. 
San Diego, Calif. 


Nov. 4-8 —National Metal Exposi 


tion, Chicago. 


Nov. 6-8—Third Aero-Com Sym- 
posium, Hotel Utica, N. Y. 


Nov. 11-13 Third IRE Instru- 
mentation Conference and Exhibit, 
Biltmore Hotel, Atlanta, Ga. 


Nov. 11-13--Radio Fall Meeting 
Program; Sponsored by the En- 
gineering Dept. of the Electronic 
Industries Assoc. with active par- 
ticipation of the IRE Professional 
Groups, King Edward Hotel, Toron- 
to, Canada. 


Nov. 11-15 National Electrical 
Manufacturers Association, Annual 
Meeting, Traymore Hotel, Atlantic 
City, N. J. 


Nov. 13-15—Eighth National Con- 
ference on Standards, American 
Standards Association, St. Francis 
Hotel, San Francisco. 


Nov. 17-21—National Plastics Ex- 
position International Amphitheatre, 
Chicago. 


Nov. 18-20—AIEE-IRE-APS ONR 
Magnetism and Magnetic Materials 
Conference, Sheraton-Park Hotel, 
Washington, D. C. 


Nov. 18-21——Gonference on Magne- 
tism and Magnetic Materials; Amer- 
ican Institute of Electrical Engi- 
Sheraton-Park Hotel, Wash- 
ington, D. C. 


neers; 


Dec. 9-12 Eastern Joint Com- 
puter Conference & Exhibit; Insti- 
tute of Radio Engineers, the As- 
sociation for Computing Machinery, 
the American Institute of Electrical 
Engineers. and the National Simula- 
tion Council, Sheraton-Park Hotel, 
Washington, D. C. 





Sales. Cincinnati District. Allis-Chal- 


mers Mfg. Co. 

“Motors for Precision Spindles”—Ed- 
ward A. Kitsch. Manager, Machine 
Tool Industry Sales, Louis Allis Co. 


Wednesday. Nov. 6 9:00 a.m. 
“A Static-Magnetic Adjustable Speed 
Motor Controller”’—Dale Baker, Engi- 
neering Dept., Cutler-Hammer, Inc. 


“Xatron Drive for Machine Tool Ap- 
plications’—Burton B. Finigan, Appli- 
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WESTINGHOUSE 
SILICON RECTI- 
FIER WN-5082, 
with maximum 
peak inverse volt- 
age ratings of 
50-400 v. (300 to 
5000 amperes in 
bridge assem- 
blies.) 


WESTINGHOUSE SILICON RECTIFIER 
6-2-1-B BRIDGE ASSEMBLY 


Westinghouse SILICON” RECTIFIERS put 
more muscle in DC power converter! 


Successfully proven in rigorous welding, aircraft and guided 
missile applications, Westinghouse Silicon Power Rectifiers 
offer many advantages for power supplies. 


Used in the Westinghouse 50K W Power Converter to drive 
the boring mill above, the WN-5082 bridge assembly sup- 
plies greater power and higher efficiency in less space. The 
3-phase 60-cycle 440 v. power supply operates with a full 
load efficiency of 90% and an even higher half load effi- 
ciency. Regulation is approximately 8% from no load to 
full load with a Power Factor of 96 to 97. 


Especially rugged for varying duty cycles, the WN-5082 
withstands heavy loads of constant on-off operation, high- 
voltage transients, alternate heating and cooling. 


you CAN BE SURE...1F ITS 


Westinghouse 
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Westinghouse can supply single diodes or complete bridge 
assemblies built to your specifications. For full information 
on how Westinghouse Silicon Rectifiers can bring new 


efficiency and economy to your applications, mail the 
coupon today. 


WESTINGHOUSE ELECTRIC CORPORATION 
P.O. Box 868, Pittsburgh 30, Pa. 


Please send me data on the new Westinghouse WN-5082 
Silicon Rectifier. 


Please send me data on other Westinghouse Silicon 


Rectifiers. (Describe types or applications) 


ee, EEO 
| 

ADDRESS 
city. 


ZONE STATE 


ait ie sectarian ee 
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Save time and money in your engineering department and 
on the assembly line. The inverter illustrated is one exam- 
ple of ERIE’s ability to produce subassemblies. 

ERIE has integrated facilities for producing electronic 
components, molded plastic parts, metal stampings, and 
printed wiring boards. Automated facilities for assembling 
and soldering assure low cost production. ERIE’s finan- 
cial soundness and proven reputation for quality provides 


an ideal source of supply for your Electro-Mechanical 
assemblies. 


Consult our Electro-Mechanical engineers or write for Bulletin 453-1. 


ERIE RESISTOR CORPORATION 


MAIN OFFICES ERIE PA A FACTORIES ERIE PA © HAWTHORNE CALIF 


> 
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cation Engineer, Reliance Electric & 
Engineering Co. 

“Adjustable Electronic High-Powered 
Machine Tool Drive’—Winston S. Har- 
vey. Senior Electrical Engineer, Com- 
mercial Equipment Div., Raytheon Mfg. 
Co. 

“New Adjustable Speed Machine Tool 
Drive’—Richard R. Schmitz, Chief 
Electrical Engineer, G. & L. & Hypro 
Div.. Giddings & Lewis Machine Tool 
Co.; Charles E. Quentel, Supervisor. 
Adjustable Speed Control Applications. 
and Armand G. Mueller, Asst. Super- 
visor, Adjustable Speed Control Engi- 
neering. both of Square D. Co., Indus- 
trial Controller Div. 

“An Electronic Feed Drive as Applied 
to a Horizontal Boring, Milling and 
Drilling Machine’—Hugh W. DePree. 
Control Engineer, and Paul B. Molstad. 
Project Engineer, both of Allen-Brad- 
ley Co. 

Plant visits will be held on Monday 
morning, Nov. 4th, at the Louis Allis 
Co., Kearney & Trecker Co. (main 
plant) and Kearney & Trecker Co. 
(special machinery plant). 

Plant visits will be held on Wednes- 
day afternoon. Nov. 6th, at the Allen- 
Bradley Co.. Cutler-Hammer Inc., and 
the Square D Co. 


Four Distinguished Engineers 

Elected Fellows of ASME 

Four distinguished engineers have 
been elected Fellows of The American 
Society of Mechanical Engineers. They 
are: Ray N. Benjamin, Carey H. 
Brown, George M. Muschamp and 
Thomas F. Perkinson. Election to the 
rank of Fellow is limited to engineers 
of “acknowledged attainment with 
twenty-five years of active practice in 
the profession and who have _ been 
thirteen years a member of _ the 
Society.” 

Ray N. Benjamin is vice president 
and chief engineer of the Georgia 
Power Company. He was a member of 
the committee which drafted the Heat- 
ing and Ventilating Code recently 
adopted by the city of Atlanta, and is 
considered one of the foremost au- 
thorities on the design and construction 
of modern, central station, steam-elec- 
tric generating plants. 

Carey H. Brown, former Superin- 
tendant of Engineering and Mainten- 
ance for Eastman Kodak Company has 
served as a member of the Hoover 
Commission Board on Water Resources 
and Power, and chairman of the Engi- 
neers Joint Council Task Committee 
on Navigation and Inland Water 
Transportation. 

George M. Muschamp is vice presi- 
dent in charge of Engineering at 
Minneapolis - Honeywell Regulator 
Company. It was he who, in 1940, 
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WIDEST EXPERIENCE! 


Just as there is no substitute for Mica in many insulating appli- 
cations, there is no substitute for experience in producing mica 
products and parts. Macallen Mica is backed by more than 60 
years experience in cooperating with the electrical industry. 
So, you can be sure of getting what you need. 


SEND FOR CATALOG! 


It's easy-to-use, self-indexed form saves hours of time in select- 
ing the Macallen Mica products you need. 


THE MACALLEN COMPANY 


BAY ROAD, NEWMARKET, N. H. 
565 W. Washington Blvd., Chicago 6, Ill. 
1231 Superior Ave., Cleveland 14, Ohio 


SPECIFY 
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GUDEBROD 
BRAIDED 
NYLON 

LACING 

TAPES ARE 
EASY TO TIE: 
WON'T SLIP— 
EASY ON 

THE HANDS: 
WON’T CHAFE— 
EASY TO SEE: 
COLOR-CODED 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded .. . and they come 
wax-coated or wax-free . 

rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + 
GUDELACEH + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 


GUDE-NYLACE 
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pioneered the use of a potentiometer 
radically different from any then in 
use. The principles now employed in 
more than half the potentiometers 
produced in this country are those he 
advocated. 

Thomas F. Perkinson, manager of 
transportation for the General Electric 
Company in Schenectady, New York, 
assisted in developing and designing 
some of the earliest diesel-electric 
locomotives. He also participated in 
design and application engineering of 
air-conditioning equipment for railroad 
passenger cars, and in the design of 
large portable 
plants for the U. 


diesel-electric 
S. Navy. 
The four men, all at present, mem- 
bers of ASME, will be elevated to the 
rank of 
December 4, at a banquet held as part 
of the ASME annual meeting in New 


York City. 


power 


Fellow at a ceremony on 


Two Featured Speakers To Address 
National Electronics Conference 


\ prominent electronic 
components and a high Air Force 
officer will be featured speakers at 
the 13th annual National Electronics 
Hotel Sherman, 
7-9. They are: Arthur 
A. Collins, president of Collins Radio 


producer of 


Conference at the 
Chicago, on Oct. 


Co., and Gen. Thomas S. Power, com- 
mander-in-chief of the Strategic Air 
Command, Offutt Air Force Base, Neb. 
Collins will speak at a luncheon on 
Oct. 7 and Power at the Oct. 8 
luncheon. Edward A. McFaul, known 
for humorous and philosophical pre- 
sentations. will address the final day's 
luncheon meeting. 


Eastern Joint Computer Conference 
Extended Extra Half-Day 


The wealth of fresh technical material 
to be presented has resulted in a de- 
cision to extend the 1957 Eastern Joint 
Computer Conference by an extra half- 
day. The 1957 Conference, now sched- 
uled for the 444 day period, Decem- 
ber 9 to 13, will take place at the 
Sheraton Park Hotel in Washington, 
D.C. 

Dr. S. N. Alexander, Chairman of 
the Conference and Chief of the Data 
Processing Systems Division, National 
Bureau of Standards, said that this 
years conference theme 
with Deadlines to Meet” 
unusual interest and has produced a 


“Computers 
has aroused 


wealth of technical material. The re- 
sult—the Conference Committee has 
added an extra half day to the original 
conference schedule. There will now 
be nine full technical sessions, begin- 
ning early Monday morning and run- 
ning through Friday at 1:00 PM. The 
topics range from “Industrial Control 
Computers and Instrumentation” to 


St i 
for these rugged 
nylon connectors! 


Plugs designed 
for solderless 


Shock- proof 
nylon 
construction 


Available in 13 
bright colors 


Resists extremes 
of heat, cold, 
moisture 


Complete Line of Nylon Jacks, 
Binding Posts, and Solderless Plugs! 


This rugged connector line is designed to 
meet severe mechanical, electrical, tem- 
perature, and humidity requirements... 
voltage breakdowns rated up to 12,500 
volts DC. Tough, low-loss nylon won’t 
chip or crack even when subjected to ex- 
treme temperature changes or abnormal 
mechanical stress. Connectors are designed 
for fast, easy mounting—available in 13 
bright colors for coded applications. For 
complete information on Johnson nylon 
connectors as well as other connectors in 
the Johnson line write for your copy of 
Components Catalog 977a today! 


Cat. No. 
105-301 to -313 


Cat. No. 
105-601 to -613 


—S> 


Cat. No. 
105-701 to -713 


Cat. No. 
105-801 to -813 


NYLON TIP PLUG—Completely 
insulated ... sleeve molded of ny- 
lon. Recessed metal head. Current 
rating: 10 amps. Metal parts are 
nickel-plated brass. Designed for 
solderless connection of up to 16 
ga. stranded wire. (Pat. Pending) 


NYLON TIP JACK — All nylon 
body with silver-plated beryllium 
copper contact. Current rating: 10 
amps. Voltage breakdown: 11,000 
volts DC. Capacity to Ye" panel: 
2.0 mmf. %"-32 nut furnished. 
Mounts in |! 744" dia. hole. (U.S. 
Pat, No. 2,704,357) 


NYLON JACK AND SLEEVE — 
Standard nylon tip jack less mount- 
ing nut, with inside threaded nylon 
sleeve. Ideal for patch cords— 
excellent for panel mounting of 
nylon tip jack where insulated rear 
connection is desired. (Jack aos 
above—U.S. Pat. No. 2,704,357) 


SPECIAL NYLON TIP JACK — 
Low cost. All nylon body with 
formed silver-plated phosphor 
bronze contact. Current rating: 10 
amps. Voltage breakdown: 9,000 
volts DC. Capacity to Ve" panel: 
2.0 mmf. Y4"-32 nut furnished. 
Mounts in | 744" dia. hole or double 
fiat hole. 


NYLON BANANA PLUG—Com- 


pact, high voltage insulated plug. 
Body and pin are of one piece 
nickel-plated brass with high grade 
nickel-silver springs. Current rat- 
ing: 10 amps. Designed for solder- 


Cat. No. less connection of up to 16 gauge 
108-301 to -313 stranded wire. (Pat. Pending) 


NYLON BANANA JACK—Mold- 
, Q 


ed nylon —- with cadmium- 
plated insert. Current rating: 10 
amps. Voltage breakdown: 12,500 
volts DC. Capacity to 'As” panel: 
1.5 mmf. 5A6"-32 nut furnished. 
Cat. No. Mounts in 2'44" dia. hole. 
108-901 to -913 


NYLON BINDING POST — Pre- 
assembled — thumb nut is self- 
captivated, cannot be removed. 
Molded nylon body — shank is 
silver-plated brass. Voltage break- 
down: 8,000 volts DC. Current 
rating: 15 amps. Capacity to Ve" 
panel: 3.3 mmf. *As"-32 nut fur- 
nished. Mounts in ?'44" dia. hole, 
“D" hole, or double-flat hole. 
(Pat. Pending) 


Write today for complete specifications 
and descriptive data. 


J %) E. F. Johnson Compan, 
* '/ 2017 Second Ave. S.W. © Waseca, Minn. 
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Cat. No. 
111-101 to -413 
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CUTLER-HAMMER 


= MOTOR CONTROL == 


CONTACTS EASILY CONVERTED 
ON C-H MULTI-POLE CONTROL 
RELAYS, NO NEW PARTS NEEDED 


Cutler-Hammer’s 9575 family of multi- 
pole control relays was designed to 
facilitate simple, quick contact con- 
version. To convert a normally open 
contact to a normally closed contact, or 
vice versa, the stationary and movable 
contact members are simply reversed 
...no special parts or tools are required. 


Not only does the versatility of the | 


9575 control relay simplify on-the-job 
contact conversions, but also many 
panel builders prefer to stock their 


Cutler-Hammer Relays by the number 
of poles and arrange the contacts to suit 
each specific relay application as the 
relay is drawn from stock. Cutler- 
Hammer 9575 Multi-Pole Control 
Relays are available from 2 to 8 poles. 
For further information write for Bul- 
letin 9575. 





Panelbuilder 


News for and about Panelbuilders 


4 . 


, WN 


Space Saving Heavy Duty Oil-Tight Control 


Units Provide Greater Circuit Flexibility 


To meet the demand for smaller, more 
flexible heavy duty oil-tight push- 
buttons, indicating lights and selector 
switches, Cutler-Hammer developed 


| the 10250T family of control units. 
| These units, adaptable for either one- 


hole mounting or base-mounting, offer 
amazing opportunities for simplified 
compact control panel design. 


Back-of-Panel Depth— 1542” 


| Cutler-Hammer’s pushbutton units 


are available as either flush button, 
extended button or mushroom head 
operators. When one-hole-mounted, a 
double pole pushbutton unit extends 
only 13" behind the panel. The 
double pole contact blocks are available 
in any combination of normally open 
and normally closed contact. Each 
circuit is mechanically and electrically 
isolated from the other. For additional 
circuits, contact blocks can be quickly 
tandem mounted. No special attach- 
ments required. Operators come in six 
distinctive colors. 


PANEL BUILDERS HANDBOOK SIMPLIFIES SELECTION OF ELECTRICAL COMPONENTS 


This handy 67 page reference guide is 
specifically edited to assist design engi- 
neers and control panel builders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
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such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information and a maintained 


price list. Address your request for c | 


personal copy on your company letter- 
head. CUTLER-HAMMER, Inc.. 1264 
St. Paul Ave., Milwaukee 1, Wisconsin. 
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Indicating Lights Include PresTest 
Cutler-Hammer 10250T oil-tight indi- 
cating lights, either resistor type or 
transformer type, have 180 degree non- 
blinding lenses. These unusually com- 
pact lights are available in six brilliant 
colors, with either unbreakable plastic 
or heavy glass lens. PresTest, the 
famous self-testing indicating light, 
permits instant checking for faulty 
bulbs without dismantling the unit. 
Merely by pressing on the PresTest 
lens, the bulb is disconnected from the 
normal circuit and checked on a sepa- 
rate test circuit. 


Roto-Push—The One-Button 
Control Station 
Cutler-Hammer’s Roto-Push is a single 
unit that combines the functions of the 
push-button and selector switch. Avail- 
able in either two or three position 
types, the guard ring rotates to select 
the desired function while the push- 
button actuates the circuit. Roto-Push 
offers practically unlimited circuit com- 
binations and often it will replace two 
or three units. Cutler-Hammer’s 10250T 
family also includes a complete line of 
two and three position selector switches 

in a variety of operators. 

C-H Master Design 
For complete information of Cutler- 
Hammer’s 10250T family of control 


units write on your company letterhead 
for C-H Master Design, Pub. EL-178. 
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TEMPERATURE 


This precision alloy was developed for 
sealing metal to hard glass. Wilbur B. 
Driver Rodar is processed from melting 
to finished size in our own plant under 
the strictest controls to insure consistent 
analysis, temper, uniform grain size and 
conformance to customers’ specifica- 
tions. The superior stamping and seal- 
ing properties of Rodar make it the 
preferred sealing alloy. 

Rodar produces a permanent, vacuum- 
tight seal with simple oxidation proce- 
dure and resists attack by mercury. 
Readily machined and fabricated, 
Rodar can be welded, soldered or 
brazed. Available in wire, strip and bar 
to your specifications. 


SEALS! 


Another 
Special Alloy 
for a Specific 

Purpose 


PROPERTIES 
Composition (Nominal) 


Manganese . . .30% 
Balance 


Melting Point 
. . 1450°C. (Apprex.) 


Specific Gravity. . 8.36 
Weight Per Cubic Inch 


Electrical Resistivity 
... 294 Ohms C.M-F. 
Tensile Strength 


Hardness 
.... 82 B Rockwell 
Elongation 


30% (2” gauge length) 


Temperature Range Average Thermal 


Expansion, *Cm/Cm/°Cx10-6 


30° Te 200. 

30° Te 300. 

30° To 400 C. 

___ 30° Te 450. 
30° Te 500C. 


4.33 Te 5.30 
4410 5.17 
4.54 To 5.08 

5.03 To 5.37 
~ §.71 Te 6.21 


“As determined from cooling curves, after annealing 
in hydrogen for one hour at 900°C. and for 


15 minutes at 1100°C. 
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“On-Line Business Systems.” In eacn 
case, the focus will be on the prob- 
lems which arise in the design and 
application of computers which are 
required to perform their job within 
a specified time cycle. The role of 
simulations in analyzing the system 
problem will receive special attention. 

This will be the seventh Eastern 
Joint Computer Conference to be spon- 
sored by the IRE, the Association for 
Computing Machinery, and the AIEE. 
Also participating in this year’s Con- 
ference will be the National Simula- 
tion Council. 


Clarence E. Davies Speaker 

At Silver Anniversary Dinner of 
Engineers Council For Professional 
Development 


Clarence E. Davies, one of the founders 
of the Engineers’ Council for Profes- 
sional Development and Secretary of 
the ASME, will be the speaker at the 
silver anniversary dinner of the Engi- 
neers Council for Professional De- 
velopment, the major function of the 
General Assembly, to be held Thursday, 
October 24 at the New York Statler. 
The General Assembly, a_ two-day 
meeting which is expected to draw 
engineers and engineering educators 
from coast-to-coast, marks the first 
meeting sponsored jointly by ECPD 
and Engineers Joint Council. 

The morning session on Thursday 
will consider military service and pro- 
fessional developmert. This will be 
followed by a luncheon at which 
Joseph W. Barker, President of EJC 
and Morris D. Hooven, President of 
ECPD, will discuss the present and 
future of their two organizations. 

The Thursday afternoon meeting 
will consider the community college 
and trends in engineering education 
with respect to the two-year post high 
school curriculum in technological ed- 
ucation. On Friday morning, October 
25, a panel of speakers will discuss 
the need for management training for 
engineers. On Friday afternoon, a 
panel will consider the developments 
in combining graduate engineering ed- 
ucation with engineering employment. 


Environmental Equipment Institute 
Announces Election of Officers 


The Environmental Equipment Insti- 
tute, a trade association founded in 
1953 by a group of manufacturers of 
environmental test equipment, has 
elected the following officers for the 
year 1957-58: President: E. S. Brown, 
president, Standard Cabinet Co; exec- 
utive Vice President: R. J. Jacobson, 
president, Cincinnati Sub-Zero  Pro- 
ducts; and general members of the 
Executive Committee: Jack Shamroth, 
president, American Research Corp.; 
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NOTHING FINER IN oiltight 
control stations 


BULLETIN 8OOT 


If it’s oiltight control stations you want . . . Allen-Bradley has them 

. . in any combination from one to sixteen units—or more, if 
necessary —in oiltight, die cast aluminum enclosures for surface mount- 
ing or on a cover plate for flush mounting. There is nothing finer in 
oiltight control stations—a sales asset on any machine. 


Write today for Bulletin 800T. 


ALUEN- BRADLEY 
MOTOR CONTROL 


in: a eae. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


10-57-RM 





LARGE, FULLY 
GUARDED, BAKELITE, 


for machine tool BUTTON 
application... 


am oiltight (i 


These rugged, relic able units were designe -d as pilot ee . a 

a nd d-c magnetic motor Ses The o1 
ws a rw tic rubber cup @ and washers keep ¢ a | 
Se oil away from the contacts, and ae a 

ble. Push button units can be furnished wi es 
ise or four contact b locks—each equiv = to a sepa 
rate single pole. double sat = aes 3 Bi ae Se 
Pa active appearance plus URNED 

scanian ade Alle n-Bradley control units. CKING RINGS 


PUSH BUTTONS SELECTOR SWITCHES PILOT LIGHTS 


if a Three-Position 
aon eal : — as Selector Switch Transformer Type 
@ 


Pilot Light 


Extended Head : 5 Two-Position 
"Stop" Button F : Coin Slot 
Selector Switch Full Voltage 


Pilot Light 
Mushroom Head 


for Easy f Wing Lever 
Operation a\ Selector Switch 


‘2 “Press-to-Test” 
- . . 
Push Button with . Pilot Light 
Cylinder Lock . 


Selector Switch 
with Cylinder Lock 


Push Button 
with "Selector" 


Wing Lever 
Push Button 


fgg Fe 


MOTOR CONTROL 


Allen-Bradley Co. 
1316 S. Second St. 
Maintained Contact 


, Milwaukee 4, Wis. 
Push Buttons 


In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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Alexander I. Newman, president, Hud- 
son Bay Div. of Labline, Inc.: and 
Robert Brown vice president, Tenney 
Engineering, Inc. 

General Manager of the EEI is Dr. 
George D. Wilkinson, president of the 
George D. Wilkinson Company, con- 


sultants in Management. 


New Division Organized in 
The Society of the Plastics Industry 


To help the customer by 
epoxy resin technology, 
called Epoxy Resin Formulators has 
been organized in The Society of the 
Plastics Industry, Inc. This division 
will cover the electrical, tooling and 
adhesives fields. 

The companies in this group are 
particularly concerned with the estab- 
lishment of a_ stable, well-integrated 
growth in the epoxy compounding in- 
dustry through upholding good prac- 
tices and technical 
formance. In 
plans to 
scientific, 


advancing 
a new division 


standards of 
addition, this 
assemble and 
engineering 


per- 
division 
disseminate 
and other in- 
formation on epoxy compounds and to 
advance the applications and uses of 
these materials. 

The will develop, in co- 
operation with other groups, specifica- 
tions, chemical and physical test pro- 
cedures, performance 


division 


standards and 
testing programs covering epoxy com- 
pounds used for both industrial and 
consumer applications. Also, this di- 
vision will prepare statistics and other 
information of value to its 
and industry in general. 
The members of the new SPI Epoxy 
Resin Formulators Division are: 
Products Co., Warsaw, 
Plastics, Inc., Los 
Calif.; Houghton Laboratories, 
Olean, N.Y.; Kish Industries, Inc., 
Lansing, Mich.; Mainland Plastic Co., 
Inc., Hazel Park, Mich.; The Mar- 
blette Corp., Long Island City, N.Y.;: 
Permacel Tape Corp., New Brunswick, 
N. J.; Ren Plastics, Inc., 
Mich.; Rezolin, Inc., Santa 
Cam. UU; S. 
Hl. 


members 


Arm- 
Ind.;: 
Angeles 
Inc., 


strong 


Furane 


Lansing, 
Monica, 


Gypsum Co., Chicago 


Institute of Environmental Engineers 
Elects Officers 


The Institute of Environmental Engi- 
neers, a one-year-old engineering soci- 
ety, has elected the following officers 
for the year 1957-58: President: Henry 
F. Sander, chief test engineer, Vapor 
Heating Coproration; Executive Vice 
President: Roger J. Amorosi, presi- 
dent, Parameters, Inc.; Vice President, 
Fiscal Affairs, Harold C. Jones, senior 
environmental test engineer, Westing- 
house Air Arm Division; Vice 
dent, Membership: Irving P. 
MJL 


Presi- 
Polak, 
Operations, 


section supervisor, 
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When the specs call for 


washers that 


must hold 


fast . . . won't slip . 


you need the new Garrett 
“SAW TOOTH’’* 


Belleville 


Washer. Teeth on the external 

and internal peripheries actually 
bite into the metal and tenaciously hold their position. The Garret “SAW 
TOOTH’”’® Belleville design results in spring tension that stays tight regard- 
less of dimensional changes of assembled parts. Developed by Garrett 
Research for modern Industry's demands —“SAW TOOTH’* washers are 
available in standard sizes and in a variety of metals and finishes. 


Garrett, manufacturers of the world’s largest line of washers, can deliver 
your order PRONTO! 


FLAT WASHERS — 

Meets new ASA and 

SAE standards 

steel, brass, bronze, 

monel, aluminum, 

ond stainless steel 
. any finish. 


“trademark 


HELICAL SPRING 
LOCK WASHERS — 
With controlled ten- 
tion for tighter as- 
semblies. 


Title 


OS ee ee ee 


easy 


Nome 


a see 


TORRESDALE AVE. 
PHILADELPHIA 36, PA. 
—7___ DEvonshire 2-6000 
ee ee at L1~ 


SPRING WASHERS — 
Belleville, Bevel, 3 
Wave, 4 Wave and 
other Spring Wash- 
ers of special design. 


AT TOLBUT ST. 


A Fo 4 s 


METAL STAMPINGS 
— Made to your spe- 
cifications on high- 
speed production 
presses. 


GEO. K. GARRETT CO. 


TORRESDALE AVE. AT TOLBUT STREET, PHILA. 36, PA. 
Pleasesend, without obligation, literature onthe following 
O FLAT WASHERS 


O HELICAL SPRING 
LOCK WASHERS 


O HOSE CLAMPS 
0 STAMPINGS 


O GARRETT STATISTICAL 


O SPRING WASHERS 


Company 


Address 
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. 


OWER IN... 


PON 


PAPERS aA 


KEEP CONVERSATION 
IN THE LINE... 


It takes a highly refined QUALITY insulating 

paper to keep power cable or telephone transmission 
lines from leaking. 

Strong, uniform, low power factor, excellent 
dielectric strength are but a few of the reasons for the 
the use of H & V insulating papers by leading power 


cable manufacturers for more than 20 years. 


Available in thicknesses from .002” to .030”, 
H & V papers also excel for coils, transformers, slot 
insulation or as lightweight structural insulation. 


Our Research Laboratory will help you select 

a paper from various combinations of raw material 
pa] 

that will meet the properties you require. 


Write us about your problem. 


HOLLINGSWORTH & VOSE 
COMPANY 


PAST WALPOLE, MASSACHUSETTS 


Manufacturers of Technical and Industrial Papers 
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Marquardt Aircraft Company: Vice 
President, Publications: Cyril — C. 
Campbell. senior research engineer. 
Convair Astronautics: and Vice Presi- 
dent, Local Chapters: Arthur Billet 
senior staff engineer. Aero Hydraulics 
Div. of Vickers Incorporated. 


New Product Designation Accepted 

By Powder Metallurgy Parts 
Manufacturers Association 
“Powder-metallurgy parts” has officially 
replaced “sinterings” as the product 
designation for the structural and bear- 
ing units produced by the 18 member 
companies of the Powder Metallu.g) 
Parts Manufacturers Association. The 
adoption of the new descriptive term 
took place during the August meetin: 
of the group’s directors in the Great 
Pittsburgh Airport Hotel. 

“The word ‘sinterings’ according to 
association president K. M. Gleszer. 
has been an incorrect term to use in 
describing the wide range of structural 
and bearing parts produced from pow- 
dered metals. Sintering. he said. is only 
one specific process among the many 
phases of production that are required 
to transform metal powder into = an 
efficient, strong, and usable metal part. 
‘Powder-metallurgy parts’ is a precise 
and graphic description of the output 
of association members.” 


International Conference On Rocket 
And Earth Satellite Programs 
For IGY Year 


An international conference on rocket 
and earth satellite programs for the 
International Geophysical Year, with 
the National Academy of Science as 
host will be held in Washington from 
September 30 to October 5. 

The conference was called by the 
Special Committee for the Interna- 
tional Geophysical Year (CSAGI), lo- 
cated in Brussels, Belgium. The meet- 
ing will bring together delegates from 
the national IGY committees which are 
participating in research rocket  pro- 
grams, satellite launching programs. 
and setting up stations for  track- 
ing and observing the scientific earth 
satellites during the vear. Chairman of 
the Conference is Dr. L. V. Berkner, 
President of Associated Universities. 
New York, and the IGY Committee’s 
reporter on rockets and satellites. This 
is the first international conference on 
the IGY to be held in the United 
States. 

Affirmative answers to attend the 
conference have so tar been received 
from the national committees of Au- 
stralia, Canada, Great Britain. Iran. 
Japan, Peru, and the USSR. 

\ tentative agenda for the conference 
includes discussion of the ground sta- 
tion tracking and observation program: 
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Want a standard power reactor from 50 to 


2000 watts? Put your finger on CONTROL 


No need to put up with extra costs for special design of 
saturable reactors. No reason for waiting for special units 
to be designed to meet your individual requirements. 
ContrROL offers two complete lines of power reactors. 
You pick them from our catalog. We take sub-assemblies 
from our shelves, add control windings to your specifica- 
tions, and deliver complete units—fast 

CONTROL reactors are ready in eleven sizes in both 120 
and 240 volt ranges. Our unique catalog R-10 gives you 
complete physical and operating characteristics. It tells 
you, for instance, that six ampere-turns control nearly 
2,000 watts in the largest size, and that only two ampere 
turns are needed for the 50-watt smallest size, illustrating 


the extremely high gain of these units. 


Reliability begins 


Want to know about cut-off ratios? CONTROL reactors 
run at least 40 to |. Want to know about construction? 
Cutaway shows you the tough, rugged design that insures 
“forever” operation with no servicing or maintenance, 


if operation is normal. 


Yes, there’s a real improvement here for harassed 
engineering departments. Standardization means reli 
ability and quality at a competitive price. Write for Cata 
log R-10 today and read all about it. CONTROL, Dept. 
EM-42, Butle Pennsylvania 


with 
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TARRYTOWN, N. Y. 


the problem of communications in con- 
nection with the ground tracking and 
observation programs; the interchange 
of data from rocket and satellite ex- 
periments; and a discussion of the 
scientific experiments in the rocket 
and satellite programs. 


Society of Plastics Engineers 
Sponsors Isocyanate Symposium 

The Upper Midwest Section of the 
Society of Plastics Engineers, Inc., is 
sponsoring an Isocyanate Symposium 
on Tuesday, October 8, 1957 and ex- 
tends an invitation to all members of 
SPE and to the industry to attend this 
informative conference. 

This is another in a series of region- 
al technical conferences designed to 
bring up-to-date information on the 
ever growing family of plastics materi- 
als before industrial leaders. as well 
as to allow the interchange of ideas in 
areas of mutual interest. 

The symposium is to be held at the 
Curtis Hotel in Minneapolis. Minne- 


sota. 


New Electronics Group Formed 

By Sales Managers’ Club 

The incorporation of the Sales Man- 
agers’ Club, Eastern Group, as Pro- 
ducers of Associated Components for 
Electronics, Inc.. with a membership 
composed of electronic parts and 
equipment manufacturers located east 
of the Mississippi River, was an- 
nounced in New York by David Susser, 
executive vice president. 

The organization continues as co- 
sponsor of the annual Electronic Parts 
Distributors’ Show in Chicago. Its 
offices are located at 261 Broadway, 
New York, with Mr. Susser in charge 
of co-ordinating administrative and 
committee activities. Sidney Harman, 
of Harman-Kardon, Inc., Westbury, 
New York is president of the Pro- 
ducers of Associated Components for 
Electronics. 


AIEE Rural Electrification Conference 
Set For Minneapolis, October 29-31 


Latest advances in rural electrification 
will highlight the Third Annual Farm 
Electrification Conference of the Amer- 
ican Institute of Electrical Engineers 
at the Hotel Nicollet, Minneapolis, 
Minn., Oct. 29-31. The conference is 
sponsored by the Minnesota Section of 
the AIEE and the AIEE Farm Elec- 
trification Subcommittee of the Do- 
mestic and Commercial Applications 
Committee. 

The meeting will cover practically 
every engineering phase of rural elec- 
trification. Papers will be devoted 
largely to new developments and tech- 
niques designed to meet the challenge 
raised by increasing demands for elec- 
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Do the entire job with 
either PolykKen tape 


CHEAPER - NEATER SPLICE 


CONFORMABLE - LESS BULKY 


HIGH DIELECTRIC STRENGTH 
a WATERPROOF 
e elated | 
el er 


Only Polyken offers you a choice of 
or Vinyl these two plastic electrical tapes. They 


(Both available in both give you the advantages of 


individual plastic container, 
job pack or bulk) 


modern one-step primary insulation. 


SEND FOR FREE SAMPLES! 


Polyken, Dept. EM-J 

309 W. Jackson Bivd., Chicago 6, Illinois 

Please send me free sample strips and further information on Polyken 
Electrical Tapes for one-step primary insulation 


Name - Title 


Poluken 


ELECTRICAL TAPES 


THE KEN DALL COMPANY 
Polyken Sales Division 


Company 


Street Address 


r 
I 
I 
I 
i 
I 
I 
l 
; 
! 
I 
l 
1 
1 
I 
j 
i 
1 
i 
i 
i 
: 


Circle 349 on page 17 


w 
vw 
vw 





Now 


Kurz-Kasch announces an important 
development; the ability to mold epoxy 
parts —in intricate shapes, with in- 
serts—in large production quantities, 
with molding cycles and economy com- 
parable to conventional thermosetting 
materials. 


KY 


The material is molded by techniques 
developed by Kurz-Kasch from resinous 
materials supplied by Booty Resineers 
Inc., Newark, Ohio. 


molded 


It is no longer necessary to limit your- 
self to casting procedures to get the 
benefits of epoxy. Molding cycles are 
relatively fast; production costs are 
therefore low. Tooling costs are com- 
parable to other high-pressure plastics. 


These parts have exceptional toughness, 
ability to hold inserts, resistance to 
moisture and most chemicals, and ex- 
cellent insulating properties. Call your 
nearby Kurz-Kasch representative for 
quotes on parts molded of this material 
to your specs. Kurz-Kasch, Inc., 1415 
South Broadway, Dayton 1, Ohio. 


kurz-kasch 


New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass.; Walker 2-0065; Atlanta, Cedar 7-5516; 
Chicago, Gladstone 6-8837; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; 
Pasadena, Ryan 1-6774; Minneapolis, Walnut 6-2749; St. Louis. Parkview 5-9577; Toronto, Oliver 7986 
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tric power in rural areas. Leading 
electrical utilities. equipment manu- 
facturers. rural electrification repre- 
sentatives and other leaders in the 
farm electrification field will address 
the conference. 


Location Of Computer Applications 
Symposium Changed 


Because of a conflict in dates, the 
Computer Applications Symposium 
will be held in the Morrison Hotel, 
Chicago. instead of the Hotel Sherman 
as previously reported. The fourth an- 
nual Computer Applications Sympo- 
sium is sponsored by Armour Research 
Foundation of Illinois Institute of 
Technology to provide a medium for 
an exchange of ideas and experiences 
among computer users representing 
both business and science. 

Automatic programming techniques 
for both business and scientific com- 
putation will be covered extensively. 


Round table discussions. emphasizing 


solutions to planning and operating 
problems common to the organizations 
represented. will follow each day’s 
presentations. 


Five-Day Industrial Standardization 
Seminar in San Francisco 


\ five-day seminar on industrial stand- 
ardization will be held at the St. 
Francis Hotel. San Francisco, from 
November 18 through 22, 1957, by Dr. 
John Gaillard. management counsel. Dr. 
Gaillard was formerly a member of the 
staff of the American Standards Asso- 
ciation and a lecturer at Columbia 
University. He was the 1954 recipient 
of the ASA’s gold Standards Medal 
award “for leadership in the develop- 
ment and application of voluntary stand- 
ards.” 

The primary objective of the Gaillard 
Seminar is to assist top management 
in setting up a standards organization 
in a company. developing a procedure 
and program for handling the work, 
and training staff men in the functions 
of the standards engineer, including the 
art of writing specifications. 


Exposition Of Chemical Industries 
To Occupy All of Coliseum 


News will be made in many fields 
of interest by the 26th Exposition of 
Chemical Industries. which will occupy 
all four floors of the New York Colli- 
seum, in New York City, December 2 
to 6. A representative sampling of the 
nearly 550 exhibitors to whom space 
has been assigned indicates that this 
year’s display will surpass all its prede- 
cessors in interest as well as in size 

Within the perimeter of the Expo- 
sition will be revealed the technical 
background of some of the most spec- 
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Wagner Type RA Single-phase Motor 
Repulsion-start Induction 1 through 5 hp. 


NOW...Wagner’s high starting torque 


Integral hp single-phase motor is available 
in the latest NEMA frame sizes! 


The well-known Wagner Type RA Motor is the work- 
horse of the single-phase motor field. This repulsion- 
start, induction-run motor combines the best features 
of the repulsion motor in starting, with those of the 
induction motor while running at rated operating 
speeds—ideal for applications requiring high starting 
torque. 


No other single-phase motor has its ability to contin- 
ually start heavy loads or perform with such complete 
satisfaction under continuous service. 


Specifically designed for compressors, pumps, machine 
tools, grinders, and conveyors; it is preferred for many 
other single-phase high inertia or heavy friction start- 
ing applications because of its ability to start such 
loads with low current and with minimum light flicker. 


Let a Wagner field engineer show you how these 
motors can be applied to your needs. Call the 
nearest of our branch offices, or write us. 


OLD FRAME SIZE | NEW FRAME SIZE 


4 pole (1750 RPM, 60 cycle and 1450 RPM, 50 cycle) 
ratings are interchangeable in mounting dimensions 
with capacitor-start motors of the same ratings. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


on 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS + TRANSFORMERS «+ INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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Save Research Time 


with the NEW 5-Year 


ANNOTATED 
EDITORIAL 


cells—the Tet 
id-dielectric, and the solid-state. 


Contact Devices 

Slip Rings for Electrical Circuits, W. F. Mason. At 
Voltages to 30 kv, currents to 600 amp, fre- 
quencies to 100 me are handled by slip rings 
operating at speeds as high as 20,000 rpm. 
Higher speeds are in prospect. Design factors 
and materials are discussed in this article. 


Attachment of Electrical Contacts, J. W. Kehoe. May 
An examination of commonly used welding 
and brazing techniques for the attachment of 
contacts. New applications of the induction 
and gas-air brazing processes demonstrate 
their ability to produce close heat control and 
their suitability for large scale output. 


Electrical Contact Materials, Dr. J. D. Kleis 
r Mechanical and electrical properties of over 
thirty metals, alloys and oxides thereof are 
related to performance in five classes of appli- 
cation ranging from sensitive, low current 
contacts to heavy duty switchgear with con- 
siderable arcing present. 


Electrical Contacts—I, F. J. Spayth and V. E. 
Heil ea 
Contact resistance, metal transfer, erosion, 
sticking or welding and energy dissipation 
are performance factors covered under con- 
tact physics in Part | of a two-part article. 
Electrical Contacts—I1, F. J. Spayth and V. E. 
Heil 


In the concluding part of the article, per- 


J, 
. 
formance factors are discussed on four basic 
contact materials—pure metals, true alloys, 
silver semi-refractory compacts and composi- 
tions of refractory metals with silver or 
copper. 
or Brushes 


for Electrical Machines—I, 4 
W.R. Appleman and F. J. Oliver. . x Me 
sis survey of current practices in brush apg® 
tion attempts to relate design fac 
aerating conditions on rotating, 4 


ites (oi ggichecamene Sea” 


¢ Over 600 fact-packed articles dealing with materials, 
components and systems are succintly annotated and 
arranged by subject classification. See page 324 for details. 


tacular achievements of the day. So 
numerous are new developments in the 
chemical and allied industries that see- 
tions have been opened for chemicals 
and chemical materials, laboratory 
equipment and supplies, and also a 
Rocket and Satellite Section, under the 
sponsorship of the American Rocket 
Society. 

Exhibits in the Coliseum will em- 
brace the entire scope of chemistry, 
chemical engineering and _ chemical 
processing, as well as the many chemi- 
cal operations utilized by industry at 
large. They will include structural and 
processing materials in various stages 
of fabrication and refinement, compo- 
nent parts and functional units. Methods 
of reducing, combining, treating and 
packaging a wide variety of products 
will be demonstrated with the newest 
types of equipment. There will be a 
comprehensive display of instruments. 
Also, measuring and weighing systems, 
materials handling apparatus and ship- 
ping equipment and supplies. There 
will also be motors, transmissions. con- 
trols, tanks, pumps, piping, fans and 
blowers and all the equipment com 
monly used in all types of chemical 


processing plants. 


‘Designing Next Hundred Years’’ Theme 
Of American Society of Industrial 
Designers Convention 

“Designing The Next 100 Years” will 
be the theme for the annual national 
convention of the American Society of 
Industrial Designers (ASID). to be 
held October 17-20 at the Ojai Valley 
Inn. Ojai, Calif. The nation’s leading 
industrial designers and many top 
ranking business and industrial exec 
utives will attend the meeting. accord- 
ing to convention chairman Harry R. 
Greene, President of the Southern 
California Chapter of ASID. 

Highlight of the convention will be 
a full-day’s appraisal of the resources 
of the world in relation to raw maite- 
rial supply. improving — technology. 
world population, plus the meaning of 
the appraisals to the professions. in 
dustry. education and to individuals. 
This session will be a_ presentation. 
on Saturday, October 19, of “The Next 
100 Years.” by three top-ranking sci- 
entists of California Institute of Tech- 
nology. Dr. Harrison Brown. Dr. James 
Bonner, and Dr. John Weir. Their 
scientific analysis of the world’s re 
sources, population, technological and 
manpower needs has been presented to 
a score of the boards ot directors ot 
leading corporations in private pres- 
entations. 

Chief aims of the conclave will be 
to focus attention of members on the 
need for strong educational and_ pro- 
fessional programs to meet the increas- 
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Tdees for new or better products are easy and economical to 
carry out when they call for aluminum extrusions. You can rely 
on shapes supplied by Revere because all of our experience and 
skill are devoted solely to the service of our metal customers 
It will pay you to tie the growth of your business to the most 
dependable sources of supply. Revere Copper and Brass In- 
corporated. Founded by Paul Revere in 1801. Executive Offices: 
230 Park Avenue, New York 17, N. Y 

Revere Aluminum Mill Products include coiled and flat sheet, both plain 
ond embossed, circles, blanks, Tube-In-Strip, extruded products, seamless 


drawn tube, welded tube, rolled shapes, electrical conductors, forgings, 
foil, and frozen food containers. 
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This rotary switch component for an electric range 
proved to be a delayed-action saboteur. The beryllium 
copper from which it was formed was so hard that 
over a period of time it scratched and gouged the 
phenolic cams actuating the switch—to the point 
where the switch would soon become inoperative, 
causing customer complaints and damaging the manu- 
facturer’s reputation. 


A specially-produced phosphor bronze alloy from Miller 
provided a quick and painless solution. Miller experts 
were able to recommend and produce a metal that re- 
tained the high degree of spring tension necessary 
for dependable operation—yet soft enough to protect 
the cams from damage. And, as an extra benefit, the 
manufacturer also found that it formed more easily— 
with far fewer rejects. 


Miller specializes in the expert production of quality 
phosphor bronze—in strip, coiled and flat lengths— 
tailored to your specific needs. Remember: at Miller, 
Phosphor Bronze is the main line—not a sideline. 
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THE MILLER COMPANY « MERIDEN, CONN. 
ROLLING MILL DIVISION 
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ing demands of the future. and to 
dramatize for executives the swiftly 
changing pattern of business and _ in- 
dustrial needs in the field of product 
design and development. 


ASME Annual Meeting Offers 
New Approach To Nuclear Problems 


A new approach to the problem of 
acquainting engineers in industry with 
a fundamental understanding of the 
rapidly growing nuclear field will be 
offered during four days of talks and 
discussions in New York in December. 
The sessions will be coordinated by 
the Nuclear Engineering Division of 
the ASME in co-sponsorship with ihe 
Power, Heat Transfer. Metal Engi- 
neering. Applied Mechanics, Lubrica- 
tion and Gas Turbine Power Division 
as part of the Society’s annual meeting 
at the Hotel Statler starting December 
2. Attendance is open to all interested 
persons whether members of the Soci- 
ety or not. 

The nuclear program. the theme of 
which is “The Mechanical Enginee: 
in the Nuclear Industry.” is particu- 
larly valuable to industrial manufac- 
turing and engineering personnel who 
may be called upon to supply equip- 
ment for, or otherwise participate in. 
nuclear enterprises. Topics to be cov- 
ered include “Problems with Nuclear 
Reactors for Power Production” “Nu- 
clear Steam Power Plant Components.’ 
“Heat Transfer in Nuclear Engineei- 
ing.” “Materials and Fabrication in 
Nuclear Power,” “Lubrication Prob- 
lems in Nuclear Reactor Systems.” 
“Thermal and Dynamic Stress Analysis 
in Nuclear Design,’ and “Nuclear 
Powered Gas Turbine Applications.” 


Conference on Computers 
in Control Systems 


Sponsored by the Feedback Control 
Systems Committee of the AIEE, with 
participation by the PGAC of the IRE 
and the IRD of the ASME, the Con- 
ference on Computers in Control Sys- 
tems is scheduled for Oct. 16-18 at the 
Chalfonte-Haddon Hall Hotel, Atlantic 
City, N. J. 

The following include some of the 
interesting features of the program: 


Wednesday, Oct. 16 
Introductory Session 1—2:00 P.M. 
Chairman: J. G. Truxal, Polytechnic 
Institute of Brooklyn. 

“The Role of Digital Computers in 
Automatic Control’—Mare Pélégrin, 
Ministére de la Defense Nationale et 
des Forces Armées. Paris, France, and 
F. H. Raymond, Société d’Eléctronique 
et D’Automatisme. Courbevois (Seine), 
France. 

“Some Problems on the Theory of 
Discrete Automatic Systems’—J. Z. 
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Heavy, felted asbestos 
tapes ... then thoroughl 


walls are applied over and under the varnished cambric 
y impregnated . . . then the impregnated asbestos is com- 


pressed to a dense, homogeneous wall that ensures long cable life. 


These Flexible Felted Asbestos Walls 
Motor Lead and Apparatus Cables... 


keep your equipment operating dependably 


The dense, felted asbestos walls, thoroughly-impregnated with selected com- 
pounds, are the reason why Rockbestos A.V.C. Motor Lead and Apparatus 
Cables give such outstanding service in all types of equipment. . . will add 
dependability and longer life to your products. 


These homogeneous “seamless flexible asbestos walls” seal the varnished 
cambric from air and moisture . . . provide long-lasting protection against 
conductor-heating overloads and high ambient temperatures. They add 
strength against damage from flexing. And because these cables won't dry 
out with heat or age, won't rot or bloom from contact with oil or grease, and 
won't burn or carry flame, they give you wire “performance protection” — 


that will help your equipment give the type of dependable operation for 
which it was designed. 


To find out more about Rockbestos trouble-free Motor Lead and Apparatus 
Cables, write or call the Branch Office nearest you. 


NEW HAVEN 4, CONNECTICUT 


NEW YORK ¢ CLEVELAND «+ DETROIT © CHICAGO «+ PITTSBURGH «+ ST.LOUIS « 
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USE ROCKBESTo 


* Motor leads 


S For: 


* 
Transformers 
- Resistor, 


* Hoists 


LOS ANGELES * NEW ORLEANS «¢ OAKLAND, CALIFORNIA 
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SPECIALISTS in 


TRANSFORMERS 





Here is Another 
| | NOTHELFER Special 






ISOLATION 
TRANSFORMER 


for 110 KV DC Test, Air Insulation for circuit 
isolation at 70 KV DC Working. The unit 
illustrated is a 3KVA Capacity, and is 30” 
overall height. Designed for full time, con- 


tinuous duty. 


Send for further 


Information 


WINDING LABORATORIES, INC. 


P. O. Box 445, Dept. 102, TRENTON, N. J. 
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Tsypkin, The Institute of Automatics 
and Telemechanics, The Academy of 
Science, Moscow, U.S.S.R. 


Thursday, Oct. 17 
Session II—9:30 A.M. 
Chairman: E. L. Harder, Westinghouse 
Electric Co., East Pittsburgh, Pa. 

“A Computer Combining Analog and 
Digital Principles for Complex Fre- 
quency Network Calculations’—P. F. 
Blackman, Imperial College of Science 
and Technology, London, England. 
Session III—9:30 A.M. 

Chairman: J. R. Ragazzini, Columbia 
University, New York. 

“Analog Computer Study of Sam- 
pled Data Systems”—Harold Chestnut 
and D. W. Leiby, General Electric Co. 
Schenectady, N. Y. 

Session IV—2:00 P.M. 
Chairman: E. M. Grabbe, The Ramo- 
Wooldridge Corp., Los Angeles, Calif. 

“Real Time Hybrid Computers for 
Control Systems’—C. T. Leondes, 
Univ. of California, Los Angeles, 
Calif. 

Session V—2:00 P.M. 
Chairman: H. T. Marcy, IBM Corp.. 
New York 

“Airborne Program Computers”—C. 
F. Coit and T. F. Mahoney, Raytheon 
Mfg. Co.. Wayland, Mass. 

Session VI—7:30 P.M. 
Panel Discussion—‘Fitting Computers 
into Control Systems” 


Friday. Oct. 18 
Session VII—9:30 A.M. 
Chairman: Rufus Oldenburger, Purdue 
Univ., Lafayette, Indiana 
“A Dual-mode Servomechanism Uti- 
lizing Saturation Switching’—H. R. 
Weed and F. C. Weimer, The Ohio 


State Univ., Columbus, Ohio 


Conference to Consider ‘Engineering and 
Scientific Education—Foundation 
of National Strength” 


Under local sponsorship of the West- 
ern Society of Engineers, conference 
will be held at the Edgewater Beach 
Hotel in Chicago, October 31—Novem- 
ber 2 on the fundamental status of 
higher education in relation to engi- 
neering, science and technology. 

The Conference is nationally spon- 
sored by the Engineers Joint Council, 
the Scientific Manpower Commission, 
the National Science Foundation and 
the National Academy of Sciences— 
National Research Council. 

Among the aims of the conference 
is a contribution to general understand- 
ing of problems of higher education 
in technology and the need to rally 
our Nation’s resources to meet this 
challenge. It will also provide an up- 
to-date picture of the technical man- 
power problem and its implication for 
educational resources. 
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fastener! 





PROTECTS... Prevents cracking, chipping or crazing of costly porcelain or enameled surfaces on air conditioners, 
refrigerators, freezers, and similar highly finished products. 


CUSHIONS VIBRATION ... Reduces noise, prevents squeaks, leaks and electrolysis. Ideal for attic fans, power mowers, 
washing machines. 


SEALS AGAINST LEAKS ... against hot or cold water. . . against humidity . . . against frost creep . . . against detergents. 
TRANSLUCENT ... Made of DuPont Zytel Nylon... Ends color-matching problem in assembly of colored ceramic, enamel 
or plastic surfaces. 
SECURE ... Provides a tight, long-lasting fastening. Handsome on all exterior applications . . . Highly resistant 
to acids, oils and greases in interior assemblies. 





New Parker-Kalon NYLTITE STAPS consist of a unique, self- 
conforming nylon washer made of DuPont Zytel, preassembled 
to standard P-K Self-tapping Screws. Won’t come off in use, 
even in high-speed production. Eliminates time consuming 
hand-assembly of washer to screw. The specially designed 
washer is folded upon ftself so that edges are on the inside 
circumference. When the fastener is tightened, the shank is 


USE THE COUPON FOR YOUR FREE SAMPLES AND COMPLETE DETAILS 


PARKER-KALON Division 


General American Transportation Corporation 

7 Peekay Drive 

Clifton, New Jersey 

Please send complete information and free samples of 
O NYLTITESTAPS O NEOPRENE STAPS. 


hugged by the “‘controlled flow’”’ of the nylon. NYLON ACTUALLY RO nee neem © 
FLOWS INTO THE THREAD INTERSTICES, FILLS ANY IRREGULAR- Company 

ITIES OF THE ENGAGEMENT HOLE . . . FORMS A WATERTIGHT, 

HERMETIC SEAL! Furnished in a wide variety of styles and sizes. Address 

Also available in Neoprene washer styles. a 
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PARKER- KALON fasteners 


Sold everywhere throug/ istrial Distribut 


S pping Screws, Socket Screws, Scr 1 VM nry Na Vv 


Valls, 
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High fidelity to your blueprints 
is what you have every right to 
expect from Kuhn & Jacob. In the 
hands of K & J’s long experienced 
and skilled die makers, your design 
and pieces of steel are transformed 
into precision molds on which rest 
your assurance of perfect molding 
jobs. For the full story of K & J serv- 
ice in compression molding, send 
for booklet. 





KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N. J. 
Represented by 
S.C. Uliman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 


Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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Men in Industry 





Cliff N. Williamson has been ap- 
pointed chief engineer of the Central 
Engineering Div., Airpax Products Co. 
Mr. Williamson has supervised devel- 
opment of Magmeter frequency detec- 
Middle River plant in 
Baltimore. Md. Prior to that, he was 
senior vibrator engineer at the com- 


tors at the 





CLIFF N. WILLIAMSON 


pany’s Cambridge Div. Before joining 
Airpax, Mr. Williamson was vibrator 
engineer for Cornell-Dubilier and 
earlier for Radiart. From 1940 to 1946 
he was with the Navy Department at 
Washington, D.C. with the Sonar Pro- 
gram. He received his BS in EE from 
the University of California in 1940. 


Anthony P. DiVincenzo has been ap- 
pointed manager of control engineering 
and John J. Dailey, Jr. manager of 
control manufacturing at the Reliance 
Electric & Engineering Co. plant in 
Cleveland. At the Ivanhoe division. 
Frank R. Terrant has been promoted 
to assistant manager of engineering. 
DiVincenzo and Dailey are graduates 
of Case Institute of Technology, and 
Terrant is a graduate of Ohio Uni- 
versity. 


Leonard Pincus has been appointed 
vice president of Airtron Inc., Linden, 
N. J. Mr. Pincus will co-direct the mi- 
cro wave-electronics division with Tore 
N. Anderson, vice president and direc- 
tor of engineering. 


George D. Keller has been appointed 
chief engineer of Brooks Rotameter Co. 
He was recently associated with the 
Penn Industrial Instrument Corp. as 
vice president and general manager. 


A. J. Pfeiffer has been named man- 
ager of the Westinghouse refrigerator- 


freezer engineering department at 


Columbus. Ohio. Mr. Pfeiffer joined 
Westinghouse a year ago after nearly 
24 years with Crosley in Richmond, 
Indiana, and later in Cincinnati. His 
last assignment was manager of re- 
frigerator. freezer and room air con- 
ditioning engineering. 


John P. Day, an electronics design 
authority formerly associated with the 
U. S. Naval Electronics Laboratory, 
Lockheed and Convair, has been named 
chief development engineer of the Kin 
Tel Div. of Cohu Electronics, Inc. Mr. 
Day will direct the research and devel- 
opment program at Kin Tel, formerly 


Kay Lab. 


The P. D. George Co. has appointed 
Alexander Kitun manager of the firm’s 
newly-established Synthetic Resin Div. 


Kenneth M. Miller has resumed his 
position as manager of engineering of 
Lear. Inc.’s LearCal Div., Santa Monica, 
Calif. Mr. Miller has held this position 
for the past 10 years, except for the 
past 12 months during which he 


handled a special assignment as man- 
Special 


ager of Products. Prior to 





at 
KENNETH M. MILLER 


joining Lear, Mr. Miller spent seven 
years in the engineering department of 
the Rauland Corporation of Chicago. 
He is an active senior member of IRE 
and an active member of the Armed 
Forces Communications Association, 
the Instrument Society of America, the 
Institute of Aeronautical Sciences, and 
The Electronic Engineering Committee 


of AIA. 


James R. Hunter, manager of the ma- 
terials engineering department at the 
Bettis atomic power division, has been 
awarded the Westinghouse Order of 
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For your Magnetic Shielding Problems... 


MUMETAL is the answer! 





Write for your copy 
‘“*MAGNETIC MATERIALS” 


This 32-page book contains val- 
uable data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. EM-94 
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Mumetal shields will give instant 
relief to interference caused by 
extraneous magnetic fields. This 
material can cure many troubles— 
solve many a problem for you. 

Use it where high permeability is 
required at low flux densities, such 
as in input and microphone trans- 
formers, hearing aid diaphragms, 
instruments, wire and tape record- 
ers, etc. For properly heat treating 
Mumetal, we can also offer commer- 
cial hydrogen annealing facilities. 

A fund of technical data on shields 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 2: 


Warehouse stocks of AL Stainless Steels carried by all Ryerson plants 
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and other applications for Alle- 
gheny Ludlum Mumetal is available 
—let us help with your problems. 

In addition to Mumetal and other 
high-permeability alloys, we offer a 
range of magnetic and electrical 
alloys and steels that is unmatched 
in its completeness. Our services 
also include the most modern facili- 
ties for lamination fabrication and 
heat treatment. @ Let us supply your 
requirements. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 
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MPHENOL ELECTRONICS CORPORATION 


AMPHENOL CANADA LTD toronto 9, ontario 








Connecting printed circuits with AMPHENOL Prin-Cir 
components assures both ease of operation and high per- 
formance reliability. Available as plugs and receptacles, 
Prin-Cirs feature rugged, smooth-working gold-plated 
contacts and tough diallyl phthalate bodies. Application 
versatility is provided through a wide choice of contact 
terminals: Standard, Pin, Wire Wrap and Open End in 
receptacles; arrangements allowing for straight or angled 
board attachment, modular design, and cable plug-in for 
plugs. Plugs and receptacles available in 10, 15, 18 and 22 
contacts; 6 contact receptacle also available. 

Average voltage breakdown between contacts at sea 
level is 5400 V. DC for receptacles and 2300 V. DC for 
plugs. 


chicago 50, illinois 
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Merit, the highest honor the company 
confers, for his guidance of materials 
application for atomic power plants. 


Edwin C. Wiegmann has been elected 
vice president of Royson Engineering. 
a 10-year old company in Hatboro, Pa. 
that specializes in research, develop- 
ment and manufacture of instruments. 





EDWIN C. WIEGMANN 


recorders and special printing devices. 
Mr. Wiegmann, who was formerly with 
Brown Instrument Div. of Minneapolis 
Honeywell, is chief engineer at Royson. 


Miller S. Redden, Edward E. Swanson 
and Raymond S. Rosenberg have joined 
the staff of General Electronic Labora- 
tories of Cambridge in the formation 
of a new engineering group at its Sil- 
ver Spring, Md. laboratory. The group 
will be primarily concerned with the 
design and development of specialized 
receivers and telemetering equipment. 
Mr. Redden, Mr. Swanson and Mr. 
Rosenberg were formerly members of 
the Development Laboratory Engineer- 
ing staff of Nems Clarke. 


Dr. Charles H. Lutz has joined the 
Hamilton Standard Electronics  de- 
partment as chief of advanced design. 
Dr. Lutz was formerly with Arma Div. 
of American Bosch Arma Corp., N. Y.., 
and_has had considerable experience 
in the electronics and inertial guidance 
fields. He will be responsible for sys- 
tems management, operations research, 
and preliminary design activities cover- 
ing the missile and electronic fields. 


James A. Hudson has been appointed 
chief engineer of the Toledo Commuta- 
tor Co. of Owosso, Michigan. Mr. Hud- 
son was formerly with the Saginaw 
Steering Gear Div. of General Motors 
Corp. since 1950, as supervisor of 


process engineering. 


Joseph M. Johnston has been elected 
vice president—manufacturing, of The 
Victoreen Instrument Co. Mr. Johnston 
previously served as operations super- 
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If it’s quality you’re after, 


call a Hoover Man 


When you buy a quality product you __ ity aluminum and zinc alloy die cast- 


want to be sure you get what you _ ings. Our quality-control program is 
paid for. That’s why so many of second to none. Why not let one of 
America’s leading manufacturers buy —_ our Sales Engineers tell you about us? 


from Hoover. We’re specialistsin qual- A phone call or letter will bring him. 


ff) THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 a 


In Canada—Hamilton, Ontario 


DIE CASTING » HOOVER 
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Transmit Motion 


USING A NEG 





Without Backlash 


ATOR’ SPRING 


Quiet, gearless transfer of motion with- 
out slippage or backlash—still another 
function of Hunter’s versatile design 
component, the NEG’ATOR constant- 
tension Spring. 

Searching for a gearless method to 
link and synchronize the action of 
paper handling rollers to the timing 
drive assembly on the new “‘ROCKET’”’ 
duplicating machine, design engineers 
at Standard Duplicating Machines 
Corp. tried cords, cables, chains— 
found that NEG’ATOR Springs outper- 
formed all. 

So, as illustrated, they attached the 
free ends of two NEG’ATORS to the 
cam-and-lever driven timing segment 
and the free end of a third NEG’ATOR 
to an idler pulley. The constant ten- 
dency of the NEG’ATORS to return to 
their original coiled condition when 
extended keeps them taut—eliminates 


THE HUNTER 






SPRINGS e¢ 
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backlash. They rewind smoothly on 
the drive pulleys as the pulleys are 
returned, under spring tension, to the 
cycle starting position. 

By replacing gear trains with 
NEG’ATORS, Standard’s engineers ob- 
tained efficient operation, longer life, 
quieter operation, and reduced unit 
cost. The “ROCKET’’ is said to be the 
“quietest machine on the market.” 

Used in the manner described or to 
counterbalance without mass, main- 
tain constant pressure, deliver retract- 
ing force, power portable units, expand 
a scale, or perform other functions, 
the constant-tension NEG’ATOR Spring 
mightoffer just what you’re looking for. 

You can learn more about the 
NEG’ATOR, its characteristics, forms, 
functions, and applications by reading 
Bulletin 310N. Send for a copy. 






neg’ ator 


constant-force spring 


HUNTER SPRING COMPANY 
22 Spring Avenue, Lansdale, Pennsylvania 


STAMPINGS ¢ TEST APPARATUS 
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intendent of both instruments and com- 
ponents divisions and prior to this was 
associated with El-Tronics, Inc., Phila- 
delphia. Pa.. as both 

and operations manager. 


chief engineer 


Henry Schumer has been appointed 
chief engineer of the Asheville, N.C. 
plant of IRC. Mr. Schumer joined IRC 


in 1953 and has most recently been 


control. Previously. 


he had been associated with the Sono- 


manager. quality 


tone Corp. 


Leonard |. Kent has been appointed 
chief microwave engineer for the Narda 
Microwave Corp. He will be responsi- 
ble for all phases of engineering and 
microwave 
equipment. Mr. Kent is a graduate of 


development of uhf and 





LEONARD |. KENT 


Cooper Union and received a master’s 
degree in electrical engineering from 
Polytechnic Institute. Robert E. Othmer 
has been appointed project engineer for 


Narda and will work directly under 
Mr. Kent. 
Robert L. Johnston, Colonel USAF 


retired, has been named assistant to 
the president at Advance Industries. 
Inc., Cambridge, Mass. Colonel Johns- 
ton has an extensive background in 
administration, research. development 
and engineering. His assignment prior 
June 30 was Deputy 
Director of Research and Development 
at the USAF Headquarters in Washing- 
ton, D.C 


to retiring on 


The RCA Semiconductor Div. has 
realigned its engineering staff. Dr. L. 
Malter, chief engineer, assumes addi- 
tional responsibility for the coordina- 
tion of all engineering programs, in- 
cluding product and equipment de- 
velopment. Other appointments made 
were: D. H. Wamsley, manager, engi- 
neering dept.; R. M. Cohen, manager, 
entertainment product 
Dr. R. B. James, manager, industrial 
products development; L. R. Shardlow, 


development; 


manager. engineering services; and Dr. 
W. M. Webster, 
development. 


manager, advanced 
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HOW TO SOLVE ELECTRICAL EQUIPMENT 


DESIGN PROBLEMS WITH QB SILICONE IDEAS 


+ + 
CI ae 3 | | Problem: Design a drip-proof motor which can be used in 
: many areas normally requiring enclosed motors. 


ABD WATER | Solution: Protect coils with G-E Silicone Dri-Film® 88. 


_REPELLEWCY Both electrical manufacturers and service shops are 


finding the application of G-E Dri-Film 88 an easy and 
[oR STATOR winbings+oiP | | inexpensive way to provide water repellency and a high- 
\ThoRbuGHLyY 7’ GFE [ei Fim BB | 1 gloss finish for electrical coils. 

Te = Drip-proof motors with Dri-Film 88 protected coils are 
~ : now being used in locations where more expensive en- 
closed motors were previously used. The benefits of 
4 water repellency can be added to equipment with rela- 
, ; tively little increase in manufacturing cost since Dri- 
Film 88 resin can be applied to the coils by dipping and 

can be air-dried at room temperatures. 


oF ele) FPA ee tee eelad 


When you are designing motors. transformers, etc., Dri- 
Film 88 offers you a chance to improve your product at 
relatively low cost. When buying or specifying motors, 
this is a feature to look for. 


+ 


Problem: Design a coil for DC motors that will eliminate 


rans insulation failure and increase normal operating life 
CALCULATED 4/FE OF | at least 10 times. 
(O-k GLASS WW /ySuEAriON| Solution: Combine inorganic materials with G-E sili- 
COMPARED Yo GLASS B 


cones in an improved insulation system. 


Auxiliary mill motors often meet unexpected high ambi- 
ent temperatures, unforeseen extra long duty or other 
emergency conditions—any of which can cause “roast- 
outs.” This problem has been solved by a Class H G-E 
silicone insulation system which will withstand continu- 
ous high temperatures. Silicone-treated mica mat is used 
on commutating, exciting field and armature coils. In 
laboratory tests, this insulation has maintained full 
dielectric strength after 314 months at 300°C. 

Service life of this insulation has been calculated to be 
32 times that of conventional Class B insulation. Actual 
tests with Class H and B motors coupled together prove 
that insulation with G-E silicones lasts more than 5 
times as long. Five Class B motors have consecutively 
burned out; the Class H is still going strong. 
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Problem: Eliminate a potential failure point, upgrade Class 
B equipment for temporary overloads. 


Solution: Lead wire insulated with G-E silicone rubber. 


Silicone insulation, the standard for Class H equipment. 


| if a 1} | Bok t | enables manufacturers to make smaller. more compact 
CONDUCTOR AWSULATIOW BRAID! | motors, generators, and transformers. Class B equip- 
EXTRA FLEXIBLE| GPE G.ass| | ment can also be upgraded to provide a safety margin 
\—Teoprer | is7Zvcowet 1 1 11 for intermittent high temperature operation through 
a2 4 RUBBER ae the use of silicones. For example. silicone insulated 
‘1 tse te lead wire eliminates a major source of failure in Class 
B motors, lets you standardize on one type of lead wire 
for both Class B and H equipment. Motor and ap- 
paratus lead wire made with G-E silicone rubber with- 
stands moisture and has ozone resistance approaching 
that of mica. It is easy to strip and solder and is flexible 

at low temperatures. 


EP Oh ERP ae AEs 


If lead wire is a problem in your Class B equipment. 
it will pay you to look into General Electric silicone 
rubber. 


Section E2K10, Silicone Products Dept. 


Mail this coupon for more information: General Electric Company, Waterford, N. Y. 


Send me application data on G-E silicone [] Dri-Film 88 


Class H insulation Lead wire, including list of suppliers. 


Name ee : a) TS 
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Silicone Products Department, Waterford, New York 
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If it’s capacitors for automation 


Cc -_ D makes them. 


makes them better 


and packs them better, too! 





A perfect parade of many styles of automation capacitors (paper, 
mica, electrolytic and ceramic) packaged to match your automa- 
tion equipment. C-D’s automation packaging keeps leads straight, 
lead tolerances close, and your handling time to a minimum. 
While you have your eye on budget and time-and-motion studies, 
we keep ou? eye on your automation capacitor problems. C-D 
engineers will be happy to show you how you can save time and 
money by C-D’s specialized pre-packaging. Let us help you with 
your automatic feeding problems. Write to Cornell-Dubilier 
Electric Corporation, South Plainfield, New Jersey. 


ORNE NELL- ‘DUBILIER CAPACITORS 


TH P 


WORCESTER & CAMBRIDGE MASS 
NDIANAPOLIS ND SANFORD, FUQUAY 


ALIF & SUBSIDIARY, THE RADIART CORPORA- 
UBILIER ELECTRIC NTERNAT NA N Y 
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Company 
Briefs 


Ling Electronics, Inc., Los Angeles, 
has acquired American Microwave Corp. 
of North Hollywood, Calif. The com- 
pany will operate as a subsidiary of 
Ling Electronics. American develops and 
nanufactures microwave systems which 
are used to transmit and receive T\ 
station programming. multi-channel 
telephone circuits, military data and 
commercial telemetering. 


\ new division created to undertake 
basic research on storage batteries has 
been established by C & D Batteries, Inc. 
Headed by Dr. Eugene Willihnganz, 
well-known authority in the battery in- 
dustry for the past twenty-five years, 
the C & D Research Div. will supple- 
ment the company’s developmental 
laboratories. 


To meet increased production de- 
mands and to further enhance service to 
customers, the Production Instruments 
Div. of General Controls Co. has moved 
to new and larger quarters at the Skokie 
(Illinois) plant. The address is 8080 
McCormick Blvd., Skokie, II. 


Reinhold-Geiger Plastics, Inc., Los 
Angeles, has established a new division, 
known as Unit Industries, which special- 
izes in the development and production 
of slip ring and brush units. 


Electronic Engineering Company of 
California, has purchased 530,000 sq ft 
of land in Santa Ana, Calif., for the 
expansion of its own facilities and for 
construction of a new plant for its sub- 
sidiary, the Engineered Electronics Co. 
Present estimates call for completion of 
the Engineered Electronics Co. plant 
by June 1958. 


Amperex Electronic Corp. will manu- 
facture special-purpose, premium-type. 
miniature electron tubes at the com- 
pany’s Hicksville, L. I., N. Y. plant. 
These tubes have thus far been manu- 
factured for Amperex by Philips of the 
Netherlands and imported to the U. S. 
under the Amperex name. The first 
tubes to be manufactured will be the 
Amperex Types 6360, 6688, 6939 and 
6977. 


Ampco Metal, Inc., a leading producer 
of aluminum bronzes and_ products 
of this alloy, will build a $200,000 
branch foundry at Garland, Texas, near 
Dallas to meet its growing market in the 
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OAKS 
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REQUIRES 45% LESS PANEL AREA! 


This new Oak switch is particularly valuable as a 

Measures only %%” thick. spacesaver in keyboards handling complicated, low- 

; current circuits. The Type 131 can be mounted side 

au enteas, ie by side on "! (6 centers, so that a bank of 10 switches, 
for example. requires only 6'3%6”. 

Up to 14 contacts per button. Thus, in equipment such as computers, testers, 

“Floating” slider design for smooth, automatic coin devices, and communications gear, 

easy operation. the Type 131 offers extra flexibility in laying out 

panel areas, or actually permits a decrease in the size 

of the equipment. 

Type 131 switches are built to your exact require- 

Highest grade phenolic punching ments with the same high quality materials and 

stock. workmanship as other Oak switches. Call in your 


Oak representative, or write for full technical details. 
Lp } \ ~ 
Va.” LEH 
ST cn m7 


SWITCHES ROTARY CHOPPERS VIBRATORS SUBASSEMBLIES 1260 Clybourn Ave., Dept. H, Chicago 10, Illinois 
SOLENOIDS Phone: MOhawk 4-2222 


FEATURES 


Famous Oak double-wiping 
contacts. 
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Southwest. The 15.000 sq ft plant is 
expected to be in operation by March 
1958 and will include sand and centrif- 
ugal foundries, heat treating facilities 
and some machining operations. 


The Frank R. Cook Co., Denver, Colo., 
has been awarded a contract for ap- 
proximately $100,000 from the Radio- 


| plane Co. of Van Nuys, Calif., a sub- 
| sidiary of Northrop Aircraft, to build 


1000 miniature batteries for drone air- 


| planes. 


Servomechanisms, Inc., has acquired 
the assets of Precision Components, 


| Inc., New Cassel. N. Y. Main product 


of Precision Components, Inc., is an 


| advanced precision tachometer gener- 


ator, which has been incorporated in the 
line of products of the Mechatrol Div. 
of Servomechanisms, Inc. 


One of the largest integrated com- 
panies in the special “nuclear-missile- 
age” metals industry, has been formed 
with assets exceeding $55 million. The 


| three companies are P. R. Mallory & Co., 
| Inc., Sharon Steel Corp. and National Dis- 


tillers and Chemical Corp. Mallory- 
Sharon Titanium Corp. (now jointly 
owned by P. R. Mallory and Sharon 
Steel) plans to acquire all of the tita- 
nium and zirconium production facil- 
ities of National Distillers, plus the 
entire ownership of Reactive Metals 
Inc... now jointly owned by National 
and Mallory-Sharon. Following this 
transfer, Mallory-Sharon will change its 
name to Mallory-Sharon Metals Corp. 
This corporation will then be one-third 


| owned by National Distillers, P. R. 


Mallory and Sharon Steel. 


Acoustic Associates, Inc., designers 
and manufacturers of ultrasonic clean- 
ing units, ultrasonic soldering guns, and 
liquid level sensors, has moved from 


| Glenwood Landing to new and larger 
| quarters at 26 Windsor Ave., Mineola. 


iis. As 


Gibson Electric Co., producer of elec- 
trical contacts. has moved its manufac- 
turing facilities and offices from Pitts- 
burgh to a new plant in Delmont, Pa. 
All of Gibson’s manufacturing. re- 
search, purchasing. marketing, sales. 
and office facilities. formerly located at 
8350 Frankstown Ave., Pittsburgh 21, 
Pa., are housed in the building. 


Servonic Instruments Inc., formerly 
located at 1145 S. Fair Oaks Ave., Pas- 
adena, Calif., have expanded their fa- 
cilities to new quarters situated in Costa 
Mesa, Calif. 


Lester R. Moskowitz, formerly chief 
development engineer of the Eriex Man- 
ufacturing Co., Erie Pa., has formed an 
industrial technical consulting organi- 
zation. The organization will be known 
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You get 5 big pluses 


when you specify 


Assurance of good dielectric could be reason 
enough for choosing Electrical Porcelain. Yet apart 
from its dielectric strength this versatile material 
has properties that make it the ideal insulator for many 
critical applications. If, for example, the need is 


@ HEAT RESISTANCE... Electrical Porcelain compounded 
from inorganic materials has a softening temperature 
between 2500 F. and 2700 F. 


@ FLASHOVER RESISTANCE... Arcs over porcelain do not leave 
carbon tracks; the material withstands repeated flashover. 


@ DIMENSIONAL STABILITY... Electrical Porcelain 
maintains its dimensions under operating conditions; 
it is not subject to cold flow. 


@ CHEMICAL INERTNESS ... Electrical Porcelain will not 
corrode, char or burn; it resists all common acids and 
corrosive vapors. 


@ COMPRESSIVE STRENGTH ...Tests show a compressive 
strength for Electrical Porcelain of from 
30,000 to 50,000 psi. 


Any of the companies listed below will be pleased 
to advise on your insulator requirements 


Sponsored by these members of the 


OMe SM Awe aR Ame Ce UA) hae th mae, 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. 3000 corry ave . AKRON 14. OHIO 

THE CERAMIC SPECIALTIES CO. aaa west sixth STREET. EAST LIVERPOOL. OHIO 
KNOX PORCELAIN CORP. xwoxvitte 1. TENN 

NEW JERSEY PORCELAIN CO. new yor AVE. AND PLUM ST. TRENTON S. NJ 
PORCELAIN PRODUCTS. INC. wesr sanpusxy STREET. FINOLAY. OHIO 

THE UNIVERSAL CLAY PRODUCTS CO. 1s01 € First STREET. SANDUSKY. OHIO 
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PHILLIPS 


HERMETIC SEALS 


The Man from Phillips is the man to see for 
glass-to-metal seals — any type, any size, any 
quantity, standard or custom-engineered. Ex- 
ceptionally fast delivery. Write for catalog. 


Phillips Control Corporation, Joliet, Ulinois — an avvieo paPer CORPORATION 


SUBSIDIARY — SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA 


MONICA - WASHINGTON - WINSTON SALEM- CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT 


© Receiving Tubes 

© Power & Gas Tubes 
© Diodes & Transistors 
© Test Instruments 

© Meters & Supplies 

@ Relays & Switches 

© AN Connectors 

© Metal Chassis Bases 
@ KNIGHT Public 
Address Equipt. 


Manufacturers” 
prices available on 
quentity purchases 


our 37* year 
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A send for the 
[7 most widely used 


ELECTRONIC SUPPLY GUIDE 


ALLIED’S 


COMPLETE 404-PAGE 
rT 1958 CATALOG 


Lat 


™ your best buying guide to 
—~ the world’s largest stocks of 


ELECTRONIC SUPPLIES FOR INDUSTRY 


Simplify and speed your purchasing of electronic 
supplies and equipment: send your orders to us 
for fast shipment from the world’s largest stocks 
of electron tubes (all types and makes), tran- 
sistors, test instruments (see our money-saving 
KNIGHT-KITS), audio equipment and electronic 
parts. Our expert Industrial supply service saves 
you time, money and effort. Send today for your 
FREE 1958 ALLIED Catalog—your complete Buying 
Guide to quality Electronic Supplies for Industrial 
and Communications use. 


ALLIED RADIO 


100 N. Western Ave., Dept. 47-K7 


—————— Chicago 80, Illinois TET 
= FREE 


catalog 
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as L. R. Moskowitz & Associates, and 
will be located at 3068 West 25th St., 
Erie, Pa. Mr. Moskowitz is a native of 
East Pittsburgh, Pa. and has been a 
resident of Erie for five years. He is a 


member of the AIEE and ASME. 


The Potter Instrument Co., Inc., has 
opened a factory and office building on 
Sunnyside Blvd., Plainview, L. L, N. Y. 
The move represents the fourth time in 
the company’s 14-year history that it 
has doubled its capacity. 


Formation of Hydel, Inc., an inde- 
pendent research and development or- 
ganization to serve general industry, has 
been announced by the Massachusetts 
Institute of Technology. The corporation 
is to be assisted financially by the 
American Brake Shoe Co., in an agree- 
ment that provides added initial work- 
ing capital and business guidance for 
the team of scientists, but leaves them 
free to serve general industry and to 
share the profits from their work. Emery 
St. George. Jr., former assistant director 
of the M.I.T. Dynamic Analysis and 
Control Laboratory, is president of the 
corporation. 


Minneapolis-Honeywell Regulator Co. 
recently announced the leasing of a 
$300,000 plant in Fall River, Mass., for 
production of a new line of electronic 
industrial controls. Employment in the 
37,400-sq-ft, one-story plant is expected 
to total 200. 


Jerome J. Kahn, former president of 
Standard Transformer Corp., has ac- 
quired a majority interest in the Adorn 
Co., fabricators of vinyl plastics in the 
Middle West. The corporate name will 
be changed to Adorn Plastics Special- 
ists, Inc. Mr. Kahn, former president 
of the Radio Show Corp., Director of 
RETMA, and Commissioner of the High 
Fidelity Institute, has been active in 
recent years as an industrial consultant. 


Phillips Control Corp., subsidiary of 
Allied Paper Corp., has entered the sub- 
miniature electrical relay field by pur- 
chasing the assets and business of 
Deltronic Corp., a subsidiary of Signal 
Oil and Gas Co. 


The Narda Microwave Corp., Mineola, 
N. Y., has acquired two new buildings 
in the vicinity of the present plant at 
160 Herricks Rd. Transfer of manu- 
facturing facilities, including electron- 
ics, assembly and production testing, 
into the first of the new buildings has 
been completed. 


For the first time in its 103-year his- 
tory, the Polytechnic Institute of Brook- 
lyn will be located in new quarters this 
fall. More than three-fourths of the In- 
stitute’s 5900 graduate and undergrad- 
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ALUMINUM 


Aluminum is working silently and ef- 
ficiently on a 24 hour a day basis to 
improve the power factor of utility and 
industrial distribution systems. Power 
factor correction capacitors—such as 
manufactured by the Ohio Brass Com- 
pany utilize aluminum foil in their 
windings. These capacitors counteract 
an electrical system’s normally induc- 
tive load so that losses are lowered and 
economical operation results. 


Without thin foils, the heart of ca- 
pacitors, this important piece of equip- 
ment would be an economical impos- 
sibility. Aluminum’s ability to be rolled 
to very thin gauges, plus its low cost, 
high electrical and thermal conductiv- 
ity make it an ideal material for this 
application. 


Aluminum is also increasing in use in 
other electrical apparatus where there 
is a choice of several materials. This is 
true because of the many other advan- 
tages of aluminum—strength, light 
weight, ease of fabrication, corrosion 
resistance and aluminum’s bright pres- 
ent and future availability picture. 

For details and assistance from 
Reynolds Engineering service on your 
products or problems, call your nearest 
Reynolds office or write Reynolds Metals 
Company, P.O. Box 1800-ED, Louis- 
ville 1, Kentucky. 


The Finest Products 
Made with Aluminum 


are made with 


IMPROVING ELECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE WENA IINE Ot TUL LLY) 


Watch Reynolds All-Family Television Program ‘‘DISNEYLAND’’, ABC-TV. 
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desirable feature and all of the 
PRECISION Model 120 — PLUS 


MIRRORED-SCALE 
1% 


= METER 


POLARITY 
REVERSAL 
SWITCH 


... all in the NEW 


PRECISTON 


mode 2 OM 


MIRRORED-SCALE 
20,0002/V¥ DC 5,0002/V AC 


V-0O-M 


cela 


OUTSTANDING 
pL ea UL Se Lon 


in all 


ae 
APPLICATIONS 


The Model 120M incorporates every 
wide-spread ranges of the famous 
the combination of special features 


headlined above, which are found only in the 120m. 
Especially engineered for the really critical test equipment user, the 
120m incorporates selected high-accuracy multipliers, shunts and meter 


to provide =14%% accuracy on DC 


and +3% accuracy on AC. 


The 1% mirrored-scale PACE meter incorporates the most advanced 
design features to assure the utmost stability and accuracy. The mirrored 


scale permits the most accurate m 


eter readings by eliminating parallax. 


The polarity reversing switch simplifies the testing of complex electronic 
circuits. Test point polarity is automatically indicated by the switch position. 


Compare These Wide-Spread 


e MORE RANGES — 44 of them... 
starting lower and going higher — 
outranging any other professional 
V-O+M of similar size or type. 


EXTRA-LOW RESISTANCE RANGE — 
2-ohm center scale. 


EXTRA-LOW VOLTAGE RANGE — 
1.2 full scale, AC and DC. 


EXTRA-LOW CURRENT RANGE — 
60 wA DC at full scale. 


LARGER AND EASIER-READING SCALES 
— extra-large 5%” PACE meter. 


POSITIVE CONTACT JACKS and PLUGS 
— solid brass, banana type. 


-+.and STILL 
THE TOP V-:O-M 
at $44.95 


PRECISION 120 


i 

i 

| 

t 

The Popular ; 
' 

model ‘ 
' 

1 


PRECISTON apparatus Company, inc. 


Ranges and Special Features: 


* 8 DC VOLTAGE RANGES: 20,000 ohms per v 

* 8 AC VOLTAGE RANGES: 5,000 ohms per v. 
0-1.2-3-12-60-300-600-1200-6000v. 

* 8 OUTPUT RANGES: same as AC ranges. 


* 7 DC CURRENT RANGES: 0-60-300 microamps 
0-1.2-12-120-600 ma. 0-12 amps. 


* 5 RESISTANCE RANGES: self-contained 
0-200-2000-200,000 ohms; 0-2-20 megohms. 


* 8 DECIBEL RANGES, from —20 to +77 DB. 
(0 DB=1 MW, 600 ohms.) 


* EXTRA-LARGE 514” RUGGED ‘PACE’ METER: 
50 microamperes sensitivity, 1% accuracy. 


* Y2% MULTIPLIERS and SHUNTS. 


* “TRANSIT” SAFETY SWITCH protects meter 
during transportation and storage. 


* CUSTOM-MOLDED CASE AND PANEL with deep- 
ly engraved, highly legible numerals. 


Model 120M: complete with internal ohmmeter 
batteries, banana-plug test leads and operating 
manual. Over-all case dimensions: 5¥% x 7 x 
3% inches NET PRICE: $52.95 


top grain leather ever-ready case for 
NET PRICE: $9.50 


AVAILABLE AT ALL LEADING 
ELECTRONIC PARTS DISTRIBUTORS 


LC-3: 
120M 


70-31 84th Street, Glendale 27, L. 1., N. Y. 


METER oF vac Canada: Atlas Ra’ 
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Export: 458 Broadway, New York 13, N.Y., U.S.A. ¢ Cables: MORHANEX 
dio Corp. Ltd. « 50 Wingold Ave. * Toronto 10, Ont. 
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will blocks 
north to a new home located at 315 Jay 
St.. Brooklyn 1. N. Y. The move repre- 
sents the first major step in relocating 


uate students move five 


one of the nation’s largest schools of 


science and engineering. 


Permacel Tape Corp. has formed an 
Industrial Adhesives Department. Di- 
is John O. 
Green, who has been serving Permacel 


rector of the department 


administrative capacities. 
The Industrial Adhesives Department 
will market both and Le- 
Page’s products (a subsid- 
lary). 


in various 


Permacel 
Permacel 


The 
Litton tube 
manufacturing plant in Salt Lake City 
has been awarded to the Bettilyon Con- 
struction Co. of Salt Lake City. The 
building is designed on a modular basis 
so that individual modules can be added 
as needs dictate without disrupting pro- 


for construction of 


new 


contract 


Industries’ electron 


duction. Two hundred people will work 
in the first unit. The entire first module 
(20,000 sq ft) of the building is sched- 
uled 
1958. 


for completion by February 1. 


Leeds & Northrup Co., has organized 
Leeds & Northrup, Canada, Ltd., as a 
wholly-owned subsidiary. The firm, lo- 
cated at 61 Industry 15. 
will manufacture distribute the 
electronic controls and measuring in- 


St.. Toronto 


and 


struments formerly supplied from the 
United States. President of 
pany is J. William Robinson, coordina- 
tor of western operations for Leeds & 
Northrup. 


the com- 


To meet the increasing demand for 
products. Tranter Manufacturing, 
Inc., Lansing. Mich.. has instituted a 
Product Research and Development de- 


new 


| partment. The department is under the 


(Bill) Yoder. The 


direction of C. P. 


| function will be to locate and analyze 


new products and their market potential 
for possible production. More than 20 
possibilities are now 


under consider- 


| ation. The present lines are cooling and 


heating units. 


A $2.000.000 expansion and modern- 
ization program is underway at the Gar- 
den City plant of the Arma Div., Amer- 


| ican Bosch Arma Corp., that will trans- 


form the plant into one of the most 
advanced electronic assembly manufac- 
turing facilities in the eastern United 
States. The program is expected to be 
completed in less than a year. An 8000 
sq ft 
well as 22.000 sq ft of new assembly 
facilities. will be installed. 


manufacturing sterile room, as 


Garrett of Philadelphia has moved to 
a new 280.000 sq-ft one-story plant that 
incorporates the newest in construction 
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PYRAMIDING 


DESIGN 
TALENT 2 


Thin sections, holes, bosses, metal 
savers, odd shapes all produced in a 
split second—from molten metal. 

No other process can compete with 
this for eye appeal or low cost. 


When product designers send preliminary drawings for critical review by 
the seasoned Madison-Kipp mechanics, it has often proved to be the decisive 


factor in the ultimate design of the component parts. 


The original designer thoroughly understands the function of his product. 
We thoroughly understand die casting and machining problems. Combining the 


two skills at an early period of development is logical and valuable. 


Our customers of long standing always utilize this system which virtually 


pyramids design talent for successful high production manufacturing. 


Please clip this ad as a reminder to contact us when you have die casting 


requirements. 


@ fe MADISON-KIPP CORPORATION 


214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


@ Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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and material flow for modern industry. 
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at 


a ] The location is at Torresdale Ave. and 
el | Tolbut St., Philadelphia 36, Pa. 


4 = 

p J y | we ow Elsin Electronics Corp., Brooklyn, N. 
Pause is | 

i istence since 1904 manufacturing a 


variety of special order electronic, me- 
de chanical and electromechanical equip- 
++ +-_—__+—_+}+- . - | 
j 


ment for government and industry. Nor- 


, 


Y.. has become a subsidiary of General 
Transistor Corp. Elsin has been in ex- 


man Jacobson has been named president 
, _ > =e 3 : 
of Elsin and Gene Weisberger as treas- 
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Merger of Telecomputing Corp. and 

the Wm. R. Whittaker Co., Ltd., with 
ne Telecomputing as the surviving corpo- 
ration, has been completed. The combi- 


an4@ 

] nation of Telecomputing and the Whit- 
os taker Co. will make Telecomputing a 
it | $32,000,000 corporation. 


Waste King Corp., Los Angeles. has 
consolidated three manufacturing oper- 





ations and its advanced engineering and 


...STERLING ELECTRIC | development arm into a newly-organ- 


ized Technical Products Div. The division 

brings together the engineering, pro- 

POWER DRIVES duction, and administrative facilities of 
the corporation’s BBB, Valley Air, and 


7 Engineering and Development Divi- 
Machinery manufacturers and users sions, and Contract Manufacturing 


in virtually every industry report out- Group. 
standing performance achievements 
with Sterling Electric Power Drives Chicago Aerial Industries, Inc., is form- 
achievements in greater produc- ing a Components Div. under the direc- 
ae F ° yey tion of Gordon B. Baumeister. The 
tivity, in greater machine versatility, s é 
in lower maintenance cost, in rugged Components Div. will manufacture and 
, 
STERLING SPEED-TROL dependability...achievements that give and mark the company’s entrance into 
VARIABLE SPEED MOTORS dollars and cents proof that Sterling the industrial electronics industry. The 
Electric Power Drives can make the Division will move from Melrose Park 
big difference between average and (Iil.) into its own quarters at 10265 
optimum productivity of your Franklin Ave., Franklin Park. IIL. as 
machinery and equipment. soon as construction work is completed. 


market precision electronic components 


STERLING SLO-SPEED 


: 2 Consolidation of sales headquarters 
GEAR MOTORS Write today for Bulletin 


Kae oni for Glyptal alkyd resins and polyester 
No. 185. Discover the big : ~ , resins. with manufacturing facilities in 
Anaheim, Calif., has been announced 
advantages Sterling Electric by J. L. Galt, general manager of the 
Power Drives can bring ; J West Coast section of General Electric 
Company's chemical materials depart- 
ment. West Coast headquarters for the 


STERLING CONSTANT 
NORMAL SPEED MOTORS to your plant. 


company’s chemical materials depart- 
Sterling offers a wide range of Electric ment has been moved from the former 
Power Drives of advanced design — Los Angeles address, 1052 W. Sixth St. 
variable or constant speed—with man- to 1211 N. Olive St.. P. O. Box 630, 


ual or automatic controls. \naheim, Calif. 
STERLING MULTI-MOUNT 


SPEED REDUCERS Satisfactory phenolic premix molding 


| material is saving molders of phenolic 
Fed from five to ten cents per lb, according 


to Barrett Div. of Allied Chemical & Dye 


Corp. This is made possible by molders 
zi ga rs mixing their own impact molding ma- 
terials rather than purchasing molding 
ELECTRIC MOTORS compounds. Barrett supplies the liquid 
Los Angeles 22 - Chicago 35 - Cincinnati 37 - New York 51 phenolic resins which are an essential 
ingredient of impact-type phenolic 
molding material. 
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ORGANIC 


ROSITE’ 2150 


COMPOUND 


Non-carbonizing, highly heat resistant 
PCy: Me ae Me be ee 
duced from stone-like ROSITE 2150 with 
high dimensional accuracy. Metal inserts. 


Offering “Built-In 
Arc Quenching” 


ROSITE 21560 is a specially formulated material pos- 
sessing “built-in arc quenching” characteristics. As a 
result, it is a superior material for applications in an 
electric arc. Its arc quenching ability has, in some 
instances, increased arc interruptive capacity of Line 
Starters as much as one full size solely through 
change to this cold molded composition. It has proven 
its value over a wide range—from very small devices 
interrupting currents as low as 10 amperes to large, 
high voltage equipment interrupting 25,000 KVA. 


Rostone Corporation provides this material custom 
molded for many leading manufacturers of electrical 
equipment. We invite you to make inquiry—samples 
available for test. WRITE TODAY. 


PRODUCED EXCLUSIVELY BY 


CORPORATION 
Engineers and Custom Molders 


2405 S. Concord Road 


Lafayette, Indiana 
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And if you’re the 
man whose product 
needs this 
Tung-Sol Relay, 
then it’s you I’m 
fishing for. 


Tung-Sol makes an extensive line of relays in the gen- 
eral operating range typified by the No. 609. Simplicity 
of construction provides utmost reliability under ex- 
treme service conditions. 


Snap-action principle of operating —— almost in- 
stantaneous response to current conditions. Cycling is 
extremely uniform. Compact and lightweight, Tung-Sol 
Relays are ideal for instrument, equipment and missile 
applications. 


NOMINAL DESIGN CONSIDERATIONS 
Contact capacity 
Contact arrangement 
Operating power 
Time delays 


1 amp 30 volt resistive 
SPST (NC) or SPDT 

As low as 2 watt 

Up to 5 seconds 


Operate on current differential as small as .05 amps 
Operate on voltage differential as small as .3 volts 


ea 


NOMINAL CHARACTERISTICS OF 609 
Operating voltage 6.4 volts 
Operating time.......... 1. plus or minus .5 seconds 
Release time plus or minus .5 seconds 


Contact capacity 1 amp at 30 volts 
Contact arrangement 


For additional data write: 
Electroswitch Division, Tung-Sol Electric Inc 


Sales Offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, 
Tex.; Denver, Colo.; Detroit, Mich.; Irvington, N. J.; Melrose Park, IIl.; 
Newark, N. J.; Philadelphia, Pa.; Seattle, Wash. Canada: Montreal, P. Q 


®TUNG-SOL 
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, Newark 4, N. J. 
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Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 
Springdale, Conn., gives some “reasons why”: 


“Many of the gases examined by our infrared analyzers are 
flammable. We use Crouse-Hinds explosion-proof Condulets as 
a built-in feature of our highly sensitive instruments—to protect 
chemical and industrial plants, medical and experimental lab- 
oratories, and many other users, against explosions. 

“We have settled upon Crouse-Hinds explosion-proof Con- 
dulet equipment for many reasons: 

“First, of course, is the aniversal acceptance of explosion- 
proof Condulets by safety men everywhere. There is a large 
assortment of standard and special housings. We like the sim- 
plified construction which provides easy access and plenty of 
room for repairs and alterations. We know our customers like 
it, too.” 

There are more than 15,000 items listed 
in the Condulet Catalog: conduit fittings, 
plugs and receptacles, motor controls, 
lighting fixtures, switches, hundreds of 
others, both explosion-proof and conven- 
tional. Make your selections with confi- 
dence. You get the best when you get 
Condulets. 


@ Our distributors have the facts. Or 
consult your telephone directory for 
the nearest Crouse-Hinds Office. 


NATIONWIDE 


DISTRIBUTION \ 


exctusively through 
ELECTRICAL 
OisTRisuTors / 


Main Office and Factory: Syracuse, N. Y. 


La a atl 


CROUSE-HINDS comp: 


Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Sales offices in principal cities 
FLOODLIGHTS TRAFFIC SIGNALS 
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Engineering 
Standards 


Recommended EIA Electronic Standards 


standards 
for electronics equipment have recentl 
been made available by the Electronix 
Industries Association (formerly RE- 
TMA). The standards have been pub- 
lished following approval by repre- 
sentatives of industry, including mem- 
bers and nonmembers of EIA. 

Copies are available to nonmembers 
of the Association through the EIA 
Engineering Department, 11 West 42nd 
St., New York 36, N.Y. A minimum 
charge of $1 is made on all 
Copies of the standards have been dis- 
tributed to representatives of all EIA 


Several new recommended 


orders 


member companies. It includes: 


RS-192—Definitions and Dimensional 
Characteristics of Quartz 
Crystal Units (revision of 
TR-112-A) The standard 
includes additional crystal 
holders and provides more 
realistic dimensions and tol- 
erances for crystal holders 


already listed. 50 cents. 


Book Reviews 


Synthesis of Passive Networks. By Ernst 
A. Guillemin. John Wiley & Sons, 
Inc. 440 Fourth Ave., New York 16, 
N. Y. 741 pages, price $15.00. 


The author has organized this mate- 
rial according to a logical sequence of 
development to the problem of linear 
The first 
thirteen chapters deal with realization 
theory and methods, the last two with 
the approximation problem in the fre- 
quency and time domains. 

The discussion of realization theory 
begins with a study of the properties 
of impedance functions, a formulation 
of necessary conditions for realization, 


passive network synthesis. 


and methods of testing a given function 
to determine whether or not these con- 
siderations are met. 

Several chapters are devoted to the 
RLC driving-point realization problem 
because of the variety of possible pro- 
cedures for the solution of two-element- 


ELECTRICAL MANUFACTURING 





R. O. Youngberg (left), Project Department Engineer; J. F. Vinson (center), Designer Engineer, and J. M. Swartz, Structures 
Design Group Engineer, discuss installation problems associated with a coordinate converter of a new missile electronic system. 


Announcing new positions: 


MISSILES...THE IDEAL FIELD FOR DESIGNERS 


Missile systems design gives Designers the ideal outlet 
for creative and inventive expression. 


Here the Designer works in a growing area where the 
greatest advances in design are being achieved, an area 
receiving ever increasing emphasis. 

Under Lockheed Missile Systems Division’s design 
policy, Designers receive the broadest possible tech- 
nical background. Varied assignments, covering 
structures, controls, hydraulics, pneumatics, electro- 
mechanical packaging, fuel systems and related areas, 


e 
give Designers a thorough grasp of all phases of missile 


E dicat MISSILE 


SYSTEMS - 


atta 


PALO ALTO 


SUNNYVALE 


A 


DIVISION OF 


design. Nor is the Designer restricted to conventional 
approaches in his assignments; new design ideas are 
welcomed. Moreover, the Designer is kept constantly 
abreast of the progress of his project. 

Through this policy, Designers acquire the technical 
background so necessary for successful missile design. 


Inquiries are invited from those able to contribute to 
design efforts of the utmost importance on Lockheed’s 
Palo Alto, Sunnyvale and Van Nuys Staffs. Address 
the Research and Development Staff, Sunnyvale 37, 
California. 


LOCKHEED AIRCRAFT 


VAN NUYS © CALIFORNIA 
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We'll take care 
of that 


Simplify your job— 
save time and money. Let our engineers 
figure out the right relay for your 
requirements. Just send specifications, 
we'll submit suggestions promptly. 


No cost or obligation. 


OUNOT ivectric company 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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kind networks. One chapter presents 
the classical methods of Brume and 
Darlington for driving point impedance 
synthesis, and another chapter deals 
with the Bott and Duffin and the Miyata 
methods of realization so as to avoid 
mutual inductive coupling. 

Two chapters deal with transfer 
function synthesis, and RC _ transfer 
function synthesis is discussed in an- 
other. At this point in the book, the 
author feels that enough background 
has been given for discussion of the 
approximation problem in its frequency- 
domain aspects. and he includes the 
use of Butterworth, Tschebyscheff, and 
elliptic functions, as well as Fourier 
methods. Time-domain synthesis is dealt 
with in the final chapter. 


Analytical Design of Linear Feedback 
Controls. By George C. Newton, Jr., 
Leonard A. Gould, and James F. 
Kaiser, all of M.I.T. John Wiley & 
Sons, Inc., 440 Fourth Ave., New York 
16, N. Y. 419 pages, price $12.00. 


The phrase “analytical design” is 
identified by the authors as the design 
of control systems by applying methods 
of mathematical analysis to idealized 
models which represent physical equip- 
ment. The starting point in this type of 
procedure is the system specifications, 
which includes descriptions of the in- 
put, the disturbances, and the desired 
response. A statement in the form of 
a performance index is also included as 
a basis upon which the system perform- 
ance will be judged. The design objec- 
tive is to minimize or maximize the 
chosen performance index. Analytical 
design theory presents ways and means 
for accomplishing this objective. 

When the designer applies the an- 
alytical design method, he proceeds 
directly from the problem specifications 
to the compensation that minimizes or 
maximizes the specified performance 
index. By this method, the design is 
accomplished once and for all without 
recourse to a series of trial-and-error 
designs. If the performance obtained 
with compensation by this procedure 
is unsatisfactory, the designer is certain 
no compensation can be found that will 
meet the specifications and that either 
the performance specification must be 
relaxed or some of the other specifica- 
tions must be altered. 

Four appendixes have been included 
which review Fourier and _ Laplace 
transformers, the application of the 
theory of functions to the problem of 
stability determination, the gain-phase 
plane methods of trial-and-error design, 
as well as other trial-and-error design 
techniques. 


Glass Reinforced Plastics. Second edition. 
Edited by Philip Morgan. Philosophical 


Library, Inc., 15 East 40th St., New 
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Of All Room Air Conditioner Winasiadiataininnis 


Use REVCOR BLASTAIRE Blower Wheels! 


Manufacturers of Blower Wheels With Tab Lock Blades for 11 Years 


BLASTAIRE BLOWER WHEELS OUTPERFORM OTHER BLOWER WHEELS... 
© Provide more air and pressure in less space! 


® Exclusive, individually attached, thin gauge, full width blades utilize 
the full width of the blades from tip-to-tip with no obstructions at the 
ends to cause air loss! 


Unique BLASTAIRE production methods result in lower costs while main- 
taining highest standards of strength, rigidity, balance and performance! 


LARGEST SELECTION OF SIZES AVAILABLE ANYWHERE 


20 Diameters of Single and Double Inlet Wheels from 3” to 123s”. Single inlet widths 
from 1” to 6”. Double inlet widths from 2” to 12”! 


aioe 2 GIN E¢ 
AVAILABLE—BLASTAIRE TECHNICAL DETAILS «* e, 


Reveor 


s inc. . 
7%, 
Vp, ow — 251 EDWARDS STREET, CARPENTERSVILLE, ILL. 
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Flexibility 
For 
Designers 


Adjust A-Vott 


SOOBU 


VARIABLE AUTO-TRANSFORMER 


2-GANG 500BU 
(Alse available in 3-gang) 


Designed for back-of-panel mounting, 
the versatile SOOBU Adjust-A-Volt 
variable auto-transformer offers the 
dependability and flexibility you have 
been looking for. 

Shaft can be adjusted without dis- 
turbing rotor and commutator align- 
ment. Terminal board connections 
allow for either clockwise or counter- 
clockwise rotation, as well as over- 
voltage or line-voltage operation. 


Ganged units are available to pro- | 


vide increased current output, increased 
voltages, or for polyphase operation. 
Specifications of the SOOBU type— 
input voltage, 115 V; load rating, 1.0 
KVA; output—0 to 135 V; output amps 
max. 7.5 A; driving torque in oz., 20- 
40. For more data, send for the catalog 
on the complete Adjust-A-Volt line. 


STANDARD 


ELECTRICAL PRODUCTS CO. 
2240 £. THIRD ST., DAYTON, OHIO 
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York 16, N. Y. 276 pages. 61 diagrams. 
price $15.00. 

Wherever necessary, the text has 
been revised to bring it up to date 
and several chapters have been com- 
pletely rewritten. The progress in ep- 


oxide combinations and_ the 


special 
features of applying glass reinforced 
materials to chemical plant have called 
for the inclusion of chapters on these 
subjects. 


Advancement in 


Polyesters, being most widely em- 
ployed, are described in more detail 
than the other resins. Techniques in- 
cluded are the standard commercial 
molding processes, methods of mass 
production, resin injection, and the 
manufacture of tube and rod. 

The major fields of application dis- 
cussed are the electrical, aircraft, auto- 
mobile, 
plant. 


body-building and chemical 


International Electrical Standards 


(Continued trom page 183 


curyv-arc power tubes were ot the 
sealed, single-anode type with the 


exception of the high-voltage. d-c 


Lamps and Related 


W. P. LOWELL, JR. Sytvania Evecrric 
Propucts Inc., Salem, Mass... Chief Del- 
egate USNC for Committee 34 


CoMMITTEE 34 on Lamps and Re- 
lated Equipment is divided into three 
subcommittees with the following 
designations: 34A—Lamps, _Incan- 
descent and Fluorescent: 34B 

Lamp Caps and Holders; 34C— Flu- 
orescent Ballasts. In the meetings in 
Moscow of Subcommittee 34A, final 
drafts of specifications for tungsten 
filament lamps and for tubular flu- 
orescent lamps were approved for 
individual na- 
committees for 


submission to the 
tional approval. 
\greement was reached in the adop- 


tion of the U. S. system of projec- 


transmission tubes. which were 


single-anode excitrons of the 


pumped type. 


Equipment 


tion lamp designation. There was 
also almost unanimous agreement in 
principle with a change involving 
measurement of 


fluorescent lamps 


by use of the stated voltage and 
series reactance instead of nominal 
wattage. 

In the subcommittee on caps and 
holders. the discussion centered 
about gauges for the ensurance of 
and safety. Sub- 


committee 34C was concerned _pri- 


interchangeability 


marily with the conflict of interests 
between 
ballast 


manufacturers and 
latter 
seeking to relax the electrical re- 


lamp 
manufacturers. the 


quirements against objections from 
the former. 


Primary Cells and Batteries 


F. J. WOLFE, Nationat Carson Com- 
paANy, Cleveland, Ohio, Chief Delegate 
USNC Committee 35 


IMPORTANT ACTION taken at the 
meetings of Committee 35 included 
agreement on capacity tests and min- 
imum performance requirements for 
the following classes of batteries: 
Combined batteries (radio A-B 
packs) 
Mercury type batteries 
Small 


hearing aids 


batteries for  transistorized 


R-40 cells (US No. 6) 
Portable lighting batteries 
Hearing aid batteries—low and high 
tension 
Radio batteries—low and high ten- 
sion 
\ nomenclature system for mercury 
batteries and standardization of some 
new batteries including three new 
types for radio re- 
ceivers were agreed upon. Favorable 
action was also taken to include a 
major portion of the ASA dry cell 
© 


transistorized 


test in the IEC specifications. 
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Design for extra sales features 


...with Mallory Mercury Batteries 


When you plan new battery-powered products, give replacement is ended. Cost per hour is low. 
them the extra features that spell sales success—by : , ; pales 
Pe 5 . Design for user satisfaction. This battery sets a new 
designing around Mallory Mercury Batteries. These : : 
: : : <4 standard of performance. Its constant discharge pro- 
unique batteries, pioneered and perfected by Mallory, . . : . 
: : ; Z . vides fade-free operation, exactly matches transistor 
are a key component in many of today’s brightest new : ; : 
: te , requirements. Its voltage is amply accurate for use as 
electronic products ...transistor radios, alarm sys- ; : ; : ie 
: ; a reference in many instrument and bias circuits. 
tems, portable instruments, pocket tape recorders. ; a 
Its rugged design withstands extremes of tempera- 


Design for miniature size. Tiny Mallory Mercury ture and humidity. 


Batteries put a lot of energy into minimum volume. 
The battery is no longer the limiting bulk component Write to Mallory today for data on the complete range 
in your designs. of ratings and sizes, and for engineering assistance on 
Design for user convenience. Mallory Mercury Bat- your specific applications. 

teries outlast ordinary batteries several times—both in Parts distributors in all major cities stock Mallory 
service and in storage. Nuisance of frequent battery standard components for your convenience. 


MALLORY BATTERY COMPANY - CLEVELAND, OHIO 


a division of 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 


P.R. MALLORY & CO. inc. | 
Serving Industry with These Products: 
Electromechanical — Resistors ¢ Switches ¢ Tuning Devices ¢ Vibrators A i i O a 
Electrochemical — Capacitors © Mercury and Zinc-Carbon Batteries : 


Metallurgical — Contacts © Special Metals e Welding Materials 
P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars-structurals+plates+ sheets & strip 
tubing « reinforcing, etc,, « also machinery & tools 


ae at New York * Boston *Wallingford, Conn. + Philadelphia + Charlotte, 
+ Cincinnati + Cleveland +« Detroit + Pittsburgh + Buffalo + Chicage + 
Scooion + St. Louis + Los Angeles + San Francisco + Spokane + Seattle 
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| Dress Up Your Products 
with these 


NEW 
KNOBS 


® 


Designed by Robert Podall 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 M. Monticello * Skokie, Ill. 
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Equipment Design 
for Ease of Maintenance 


(Continued from page 181) 


2. Limitations are on the time allowed for (a) locating 
malfunction and (b) restoring equipment to normal 
operation. (The length of time imposed will dictate the 
degree of design sophistication; the less time imposed. 
the more ambitious the program). 3. Limitation on the 
amount of circuit functions permitted within one module 
or sub-chassis. 4. Packaging of component parts; whether 
to be contained in a sub-chassis or fixed in the major 
component or console. 5. Limitation on the use of special 
tools and test facilities. 

The designer should be free to suggest the approach to 
satisfy the maintenance requirement. He may suggest the 
use of visual or aural fault finding indicators, incremental 
testing, plug-in packages, automatic switching of redun- 
dant circuits, go and no-go testing or the conventional 
point to point methods presently employed by skilled 
mechanics. Any approach that he may choose, however, 
should embrace a simplified method of placing the equip- 
ment back into operating condition with minimum “down 
time.” In addition to the maintenance method require- 
ment, other requirements concerning accessibility, serv- 
iceability, and inclusion of test points for bench testing 
may be affected by imposing a limit on the time necessary 
to replace a defective part. A list of replaceable parts 
with the time allotted for replacement of each of the dif- 
ferent parts should be made available for guidance. 

The maintenance approach proposed by the designer 
should be made available to the customer for evaluation 
and approval within a reasonable time prior to fabrica- 
tion of the equipment. The proposed maintenance plan 
should include the following: 1. Training level of per- 
sonnel required to maintain the equipment. 2. Time 
necessary to perform operational check-out. 3. Time re- 
quired and method used for locating malfunction. 4. The 
type of test facility needed and whether novel or standard 
test equipment is required. 5. Assemblies or parts identi- 
fied as repairable or expendable items. 6. Procedure 
necessary to perform preventive maintenance such as 
lubrication, cleaning, tube replacement, etc. 

Designing for ease of maintenance demands a more 
thorough examination of the problems concerned with 
the integration of electronic circuitry with the mechanical 
construction of complex equipment (in addition to the 
problems created by limitations of personnel available for 
maintenance). 

Since neither man nor equipment is infallible, the main- 
tenance problem is very apt to be a continuing one, there- 
fore, it appears that the designer would do well to accept 
the challenge and demonstrate ability to creat concepts 
that will be a solution to this problem. OO 
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Waldes Truarc Retaining Ring eliminates 7 parts, saves °8.88 
in sub-assembly of aerial reconnaissance camera 


Gordon Enterprises, No. Hollywood, California, saved 
the Navy almost 11/2 million dollars on 500 cameras. Gordon 
rebuilt new, efficient “CA” series out of Navy-owned obso- 
lete models. Critical parts are now held together by Waldes 
Truarc Retaining Rings. 


Truarc Rings are trouble-free, will not change position during 
operation. Accuracy is limited only by 
groove and ring dimension tolerances. 
And standardized Truarc Rings are 
quickly interchangeable in overhaul 
which now takes only 11 minutes, can 
be handled by unskilled technicians. 


Truare 5100-287 ring retains shutter speed 
adjustment mechanism on the Lens Adapter 
Plate Assembly which mounts and locks the lens 


Whatever you make, there’s a Waldes Truarc Ring de- 
signed to save you material, machining and labor costs, 
and to improve the functioning of your product. 


In Truarc, you get 


Complete Selection: 36 functionally different types. 
As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


Controlled Quality from engineering and raw mate- 


For precision internal grooving and undercutting .. 


\ WALDES 


J . 
Title 


RETAINING RINGS 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C.1, N.Y. 


and shutter assemblies accurately to camera 
body. Alternate design required retaining 
washer, spring, collar and 4 locking screws. 


Weight Saving: 7.25 or. 


Assembly Time 


Saving: .....6¥%2 min. 


DOLLAR SAVINGS: 


Material 


Total $8.88 


rials through to the finished product. Every step in manufac- 
ture watched and checked in Waldes’ own modern plant. 


Field Engineering Service: More than 30 engineer- 
ing-minded factory representatives and 700 field men 
are at your call. 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 
assembly and production problems...without obligation. 


- Waldes Truarc Grooving Tool! 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.¥. 
Please send new, descriptive catalog showing all 
types of Truarc rings and representative case his- 


tory applications. (Please print) 


Name 


Company 
Business Address 


Zone State 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2509081 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending Equal patent protection established in foreign countries. 
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FASCO 


SAVES 


BLAU 


oo od i aa 





* 


WITH 


Wm. P. 


CARBIDE 


LAMINATION 


DIES! 





This precision CARBIDE die 
has produced, to date, over 

17 million rotor and field lamina- 
tions . . . an average of over 

one million of each per grind, 
with only .070” ground from 

the punches and .055” from the 
die. A conservative estimate 

of the total die life is well 

over 100,000,000 rotor and 

field punchings! FASCO 
indicates an estimated $56,000 
annual saving on one motor 

line, with the use of STEIN 
carbide lamination dies. These 
dies are famous the world over 
for their accuracy and dura- 
bility and are a product of 

over 53 years of lamination 
experience. 


Our sp 
Cut y 


engineering department wil 


ur production costs with 


STEIN ¢ 


Wm. P. 


388 





FASCO INDUSTRIES INC., as a 
leading volume producer of frac- 
tional horsepower electrical mo- 
tors, states: “‘The benefits of 
motor to motor uniformity, by 
the use of precision, burr-free 
laminations, have completely 
justified the conversion to CAR- 
BIDE dies, furnished by Stein, 
and have contributed substan- 
tially to the large volume ac- 
ceptance of this motor in the 
trade.””’ Shown above is the 4 
pole, shaded pole motor of 1/50 
to 1/25 horsepower, a basic item 
with FASCO for many years. 


yladly quote on YOUR specifications. 


{1RBIDE LAMINATION DIES! 


WM. P. STEIN & CO., INC, 


424 St. Paul St. Rochester, N. Y- 
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particular the contribution made by John D. Folley of the 


\meri- 
can Institute for Research, Pittsburgh 32, Pennsylvania. 


Editor's Note: 


Equipment maintainability, as an essential part of human engi- 


neering design, has 


also discussed in a 


articles published in EvLrcrricat 


been other 


number of 
MANUFACTURING. 
“Human Engineering Equipment Design.” by A. E. 


107, October 1956 issue 


Among these, 
Javitz, page 
. includes a review of work sponsored by the 
Rome Air Development Command. This article, as well as eight 
other previously published articles, 
a> a 


are available in volume 


336) 


one 


multiple reprint. (see 


A High-K Ceramic Capacitor 
for 200 C Application 


Continued 


from page 165 





or periodic kilns can be used for firing. The silver 
electrodes are likewise conventionally applied and fired. 

In assembling the capacitor for 200 C 
not satisfactory to use 
the tinned wires 
quately although 


use it is 
solder coated wires. however 
generally available will perform ade- 
with some discoloration. The tin-lead 
eutectic solder with a small percentage of added silver 
normally used in attaching leads to ceramic disks must 
be replaced by a solder whose solidus point exceeds 
the highest operating temperature by a 
margin. 


comfortable 
A solder marketed by the Empire Metal Co.. 
Syracuse, N.Y., composed of 97 per cent tin, 1 per 
cent lead, and 2 per cent silver has been found to be 
moderately satisfactory for 200 C units. 


A change from 
the eutectic tin-lead 


solder leads to 


one considerably 
harder and therefore capable of applying more stress 
to the ceramic during rapid heating and cooling. This 
is aggravated by the requirement to run soldering opera- 
tions at a higher temperature and therefore demands 
better control of the rate of temperature change during 
manufacturing. 

The most satisfactory plastic coating thus far developed 
is a silicone resin which has been 
organic filler. 


loaded with an in- 
In developing the coating. special care 
is required to adjust the type and percentage of filler 
so that the coefficients of expansion of the coating and 
of the ceramic disks do not differ by a sufficient factor 
to induce cracking in the coating during the tempera- 
ture cycling normally encountered by the capacitors in 
use. O00 
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NEW FROM Beckman Rl 


% Direct digital readout 
% Nine operating modes 
*% Simplified controls 


*% Crystal-controlied 
time base 


| ] er 16 5 ) 
% Priced at only $575 | < ype 

| T 

“Te” 3 3960 

| 525 WATT 73 
A Universal EPUT* and Timer | oa 


packaged for portability RH E i AT ee 


Compact, lightweight Model 5230 Universal 

EPUT* and Timer features all the engineer- POTENTIOMETERS 

ing superiority associated with Beckman/Ber- . . + 3: 

keley timing-counting instrumentation. with Lubricated Sliding Contact 

Covering the frequency range from DC to 

100 KC, it is durable and highly accurate . UNIFORM PRICES FOR 20 RESISTANCE UNITS. 


suitable for both industrial and laboratory When ordering state TYPE & OHMIC VALUE 
use. In addition to straight counting, it per- | OPEN TYPE A3— — — — CLOSED TYPE B3 
forms time interval, period, frequency and 

ratio measurements. For full details write | $ 13.20 NET PRICE $ 17.60 


Dept. R10. F.O.B. BALDWIN, N.Y. TERMS 30 DAYS NET 


® 
Beckman Berkeley Division SUS CO. 
2200 Wright Avenue, Richmond 3, California 
—_ of Beckman Instruments, Inc. BALDWI | 7 N Py » - 


*Trademark 
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Your immediate needs for one or more 
relays of any kind are shipped from our 
greatly enlarged stock which includes hun- 
dreds of types in all popular contact 
arrangements and coil ratings. 
Complete stocks of current standard types 
of leading manufacturers are maintained 
for your convenience. 
All relays are new, inspected and uncon- 
ditionally guaranteed to be as represented. 
24 hour delivery is routine. Phone us. 
Distributors For 


ADVANCE RELAYS 


All standard distributor types of Advance 
Relays are on hand in quantity. Save 
precious time—order from Relay Sales! 


Write for our new 
Relay Sales Catalog C-8 


Over 1,000,600 Dependable Relays 
in Stock to Serve Every Purpose 


Phone: West Chicage 1100 


RELAY SALES 
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Secret from 


Tipp City, Ohio 
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A.O. SMITH MOTOR MAN 


Box 186-B West Chicago, Ill. 






BEAVER 


GROUND THREADS 


UP TO 8” LENGTH 
PRECISION TOLERANCES 
SMALL AND MEDIUM-SIZE WORMS, 
LEAD SCREWS, ETC. 

PITCHES —12 TO 72 
VEE — ACME — WORM THREADS 
ALL STANDARD HARD OR SOFT STEELS 
STAINLESS — BRONZE — ALUMINUM 























Ta eels 





Send Prints for Quotation 
= 


THE Feel” Ee GEANS 
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America’s 
TOP Line 


“TRU-RIB”’ 


VITREOUS 
ENAMELED 


RESISTORS 


Circuits requiring units of high current and wattage ratings at 


relatively low resistance values need TRU-RIB RESISTORS. They Vn rn 
are especially adaptable to starter duty, but canbe used ina Pgwer Rheostats 


wide variety of continuous duty applications. ‘pecaliadiiee tiie Mikived 
Available up to 1500 maximum watts. Special units can be 150 watts ... from 


designed for specific applications. stock or fo your speci- 


fications. 
Order from TRU-OHM . . . the world's largest producers of 
wire-wound resistors. 


We always ship on time... and we expedite for you 


Division of Model Engineering & Mfg., Inc. 


Vi = a 1) 1] U C T A General Sales Office: 2800 N. Milwaukee Ave., ae Ke Ill. 


Factory: Huntington, Indiana 


MANUFACTURERS: Power Rheostats, Fixed Resistors, Adjustable Resistors, ‘*Econohm”' Resistors, ‘‘Tru-rib’’ Resistors 
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(Hint: It concerns a new, high-flying 
complete line of electric motors.) 
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Tay Gi COSTLY 
COLOR CODING 


with a 
KINGSLEY Wire-Marking Machine 
The Kingsley Machine will permanently mark each wire 7 


or piece of plastic tubing with its own individual circuit 
number, at any desired spacing...at a speed of 11,000 
stampings per hour! 

You need only one color of wire for as many codes as 
necessary. Simplify your assembly methods and speed your 
production time with the same machine that has proven so 
successful in the entire aircraft industry 


Write for complete information 
Kingsley Stamping Machine Co. * Hollywood 38 « California 
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Top Secret from 
Tipp City, Ohio 


...and we're 
releasing it 
next month 


Your A. O. Smith Motor Man will be around 
soon with details. In the meantime, see the 
announcements coming up in any of the fol- 
lowing magazines — STEEL (November 25), 
PRODUCT ENGINEERING (November 11), 
ELECTRICAL MANUFACTURING (November), 
PURCHASING (November). 


d 
Wael) 1, ae fasta a ada 


pla ttc 


ELECTRIC MOTORS MOTORS 


TIPP CITY, OHIO 
international Division: Milwaukee 1, Wisconsin 
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THIS IS GLASS 


a bulletin of practical new ideas 





How to get ahead 

with infrared 

Fact: Every object whose temperature is 
above absolute zero (—273°C.) radiates 
infrared energy. 

Additional fact: Considerable effort has 
been poured into developing mechanisms 
for detecting and utilizing infrared. 

Among the more dramatic have been 
numerous devices for the military— 
items used for target detection, missile guid- 
ance, and mapping. 

These tasks were once the unchallenged 
province of radar, though infrared is 
older, having been used after World War I 
in some experimental aircraft spotting. 
And while radar was the dig weapon in 
World War II, the Germans used infrared 
both to supplement it and to counter 
Allied chaff. 

Since then infrared technology has 
advanced rapidly. Today it is reported to 
be less expensive, less complex, and more 
discriminating than radar for 
applic ations. 

Our interest in infrared techniques 
centers on optical materials and design. 
Historically, glass has been the approach 
to selective handling of varied forms of 
radiant energy. Today, special glasses 
still hold the key to such control. 

For example, three special Corning 
glasses are eminently suited to infrared 


some 


transmission. 


TRANSMITTANCE PERCENT 


5 2 25 3 3.5 40 


WAVELENGTH MICRONS 


Infrared transmitting curves for three Corning 
glasses are shown for the 1.5 to 4.0 microns 
range. 


Glass 0160, a crystal white form, can be 
made into flat plates, pressed, or blown. 
Glass 2540 is red and is stocked in flat 
plate only. 

The third glass is 7905, one of the 96% 
silica glasses from which Vycor brand 
products are made. Along with its infra- 
red talent, this glass has: (a) capacity to 
operate continuously at high tempera- 
tures; (b) exceptional resistance to chemi- 
cal attack; (c) ability to stand up to 
thermal shock. 

(Note: Other 96% silica glasses share 
these characteristics but possess different, 
though equally useful, optical properties.) 

Suggestion: If infrared maneuvering is 
one of your “hot” problems, write for 
details on the three glasses mentioned. 
Or, if the other diverse talents of the 
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Vycor group of glasses seem attractive, 
ask for Bulletin B-91. It provides all the 
pertinent data, plus facts on applications 


Small fanfare for a 
BIG development 
Lighter than aluminum 
tempered plate glass . 
carbon steel. 


stronger than 
harder than high 


More? Electrical properties compare 
favorably with the best ceramics; coeffi- 
cient of expansion can be positive, nega- 
tive, or zero; stays rigid at temperatures 
that warp steel and melt copper; immune 
to the corrosive destruction of 
chemicals. 

What is it? PyrocErRAM—the trademark 
for Corning’s new 
made from glass. 

Aside from their many 
properties PyROCERAM 


many 


crystalline materials 


remarkable 
materials offer 


this important advantage: they can be 
worked by many conventional glass forming 
processes. To wit: 





PYROCERAM, Corning's new crystalline material 
can be worked by many techniques. Large dish 
was blown; shallow dish, pressed; tube, drawn; 
and blade made by investment casting. 


First commercial application for these 
revolutionary new man-made materials 
is in nose cones for guided missiles. What 
else? Send us your ideas. Also ask for 
PyrRocERAM Progress Report No. 1. It 
compares four forms of PyYROcERAM with 
four glasses, three ceramics, and _ five 
metals. Other reports will follow. 


Name 
Company_— een secstaietai 


a as ad 


Circle 391 on page 17 


Please send me the following material: “This ls Glass” [_]; Bulletin B-91 —"Vycor Brand 
Industrial Glassware” [_]; PYROCERAM Progress Report No. | [_]; B-83 (revised) —“Proper- 
ties of Selected Commercial Glasses” [_]; Infrared Transmitting Glasses OC; IZ-1 —“Glass, 
its increasing importance in product design” [_]. 


Ge centek ee bible psec 








Take 
Pyrex brand 

Remove the usual household markings 
and modify the shape just a bit. Vorla’ No 


a pie plate. But make sure it’s 


kitchen 


a} f-sized. ri 


utensil 
ght-shaped win- 
Ovens, washers, dryers 


longer do you have a 
Instead? A 7 
For 


[This metamorphic approach to com- 


dou 


ponent design and procurement offers all 
the advantages of Corning’s long expe- 
rience in mass production 

For example, the appliance maker who 
uses the pie-plate-like window 
reliable, supply 
without money 


gets i 
economit al 

and 
development, 


source 
usually 
expansion, 


the time 
required for 


and tooling up 


And, he gets a rugged window that he 
can install and with confidence 
The adapting or making something 


from 
wide open field at Corning since some 
40,000 available 
sidered standard! 
Still, there’s no denying that many of 
our most successful ventures have resulted 


new an already-existing item is a 


products are con- 


from combining our know-how with 
tomer skill and need. Result? Custom 
design and fabrication of many, man\ 
components and products 

Want to try your hand? You 
start by perusing ‘““This Is Glass,” a well 
illustrated primer. Or outline in a memo 
to us what's on your mind. At least put 
these informative brochures in 
ready-reference file: B-83 (revised) 
‘Properties of Selected Commercial 
[Z-1—‘‘Glass, its increasing 
importance in product design.” One, 01 
all free 


cus- 


might 


youl 


Glasses” 


|-——- Coensieg means xneatch ie Glast--———-----———5 
CORNING GLASS WORKS, 59-10 Crystal Street, Corning, N.Y. 


Title 


State 


——— 


393 








Guide to Buying 


MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 








Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 





ACTUATORS, BALL-SCREW 


Saginaw Steering Gear 


Motors Corp., Saginaw, Mich 


ACTUATORS, BALL-SCREW 


Armstrong Cork Co., 7009 Ingerso Lar 
caster, Pa 

Durez Plastics Div Hooker  Electre 
hemical Co., 1310 Walck Rd N 


Tonawanda, N. Y 


Houghton Laboratories, Inc., 140 Houghtor 
Ave., Olean, N. Y¥ 
ohns-Manville, Dutch Brand Products 


7800 Woodlawn Ave., Chicago 19, Ill 
Koppers Co., Inc., Chemical Div Kop 
pers Bidg., Pittsburgh 19, Pa 
Winnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier 
Paul 6, Minn. 


Electrical 
Ave St 


ALUMINUM. See also Castings 


\luminum Co. of America, 
Bidg., Pittsburgh 19, Pa 
‘\luminum Goods Manufacturing ( 

Manitowoc, Wis 
American Brass Co., Waterbury 20, ¢ 
Hunter-Douglas Aluminum Corp., 





onr 


Dept 


EM-10, Riverside, Calif 

Kaiser Aluminum and Chemical Sales, Inc 
1924 Broadway, Oakland 12, Calif 

Hevere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y 

Heynolds Metals Co., P.O. Box 1800-ED 


Louisville 1, Ky. 
AM METERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Ma 

Bristol Co., Waterbury 20, Conn 
yeneral Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 


Kearfott Co., Inc 1378 Main Ave 
Clifton, N. J 

Leach Relay Div., Leach Corp 5915 
Avalon Bivd., Los Angeles 3, Calif 


ibrascope, Inc 808 Western Ave., Gler 
dale 1, Calif 

Magnetic Amplifiers, Inc., 632 Tinton Ave 
New York 55, N. ¥ 

Nothelfer Winding Laboratories PrP. O 
Box 455, Dept. 101, Trenton 3, N. J 

Sanborn Co., 175 Wyman, Waltham 54, 
Mass 

Servomechanisms, Inc., Mechatrol Div., 17 
Brooklyn Ave., Westbury, L. 1, N. Y 


Servospeed Co., Div. of Electro-Devices, 


Inc., 4 Godwin Ave., Paterson 1, N. J 

Southwestern Industrial Plectronics Co., 
2831 Post Oak Rd., P. O. Box 13058 
Houston, Texas 

fransicoil Corp., Worcester, Montgomery 
County, Pa 

nited Transformer Co., 150 Varick, New 
York 13, N. ¥ 

Vickers Electric Div., Vickers, Inc 1803 
Locust, St. Louis 3, Mc 


Westinghouse Electric Corp., Gateway Cen 


ter, Bldg. No, 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A sub 
~f Daystrom Inc 614 Frelinghuysen 
Ave., Newark 5, N. J 

ANODES, PLATING 

American Brass Co., Waterbury 20, Conn 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

hase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
veneral Plate Div Metals and Controls 
Corp 1910 Forest Attleboro Mass 
Silver, Gold 

Handy & Harman, 82 Fultor New York 
38, N. Y. (Silver, Gold 

Hussey & Co., C. G., Pittsburgh 19, Pa 

Revere Copper and Brass, Ir 230 Park 
Ave., New York 17, N. Y 

seymour Manufacturing ( Seymour 
Conn 

ASBESTOS SLEEVING. See S ng and 
Tape, Asbestos 

AUTOMATION EQUIPMENT 

stromberg-Carison, A Div. of General 
Dynamics Corp 117 Carls R 
Rochester N. ¥ 
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Div General 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 


Hickok Electrical Instrument Co., 10514 
Dupont Ave., Cleveland 8, Ohio 
Micro Balancing Inc Herricks Rd., 


Garden City Park, N. Y 


Westinghouse Electric Corp., Gateway Cen- 


ter Bldg. No. 3, 401 Ldberty Ave., 
Pittsburgh 30, Pa 

BALLS, BEARING 

Hoover Ball & Bearing Co., 326 E. Hoover. 
Ann Arbor, Mich 

SKF Industries, Inc., Philadelphia 32, Pa. 

BATTERIES, DRY 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

National Carbon Co., Im A Div. of 
Union Carbide Corp., 30 E. 42nd 
New York 17, N. Y 


RCA Electron Tube Dis 
America, Harrison, W. J. 


Radio Corp. of 


BATTERY ELIMINATORS. 
Supply Units; Rectifiers 


See Power 
BEARINGS, BABBITT 


Ryerson & Son, Inc Joseph T., 
80, 11 


Chicago 


BEARINGS, BALL (Miniature) 


New Departure Div. of General Motors 
Corp., Bristol, Conn 

New Hampshire Ball Bearings, Inc., Peter 
borough, N. H 

United States Gasket Co., Plastics Div 


The Garlock Packing Co., 
N. J 


Camden 1 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich 
New Departure Div. of General Motors 


Corp., Bristol, Conn 

Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 

SKF Industries, Inc., Philadelphia 32, Pa 


BEARINGS and BUSHINGS. 
LUBRICANT-RETAINING 


Amplex Div Chrysler Corp., Detroit 31, 


Mich 
Radio Cores, Inc 9540 Tulley Ave., Oak 
Lawn, Ill 


United States Graphite Co., 1621 Holland 


Saginaw 8, Mich 

BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel, ete.) 

American Crucible Products Co 1365 
Oberlin Ave., Lorain, Ohio 

Amplex Div Chrysler Corp., Detroit, 
31, Mich 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Mallory & Co., Inc P. R., Indianapolis 


6, Ind 


United States Graphite Co., 1621 Holland 
Saginaw 8, Mich 

BEARINGS and BUSHINGS. 
NON-METALLIC 

General Electric Co., Plastics Dept., De- 
eatur, Ill 

National Carbon Co., Ine., A Div. of Union 
Carbide Corp., 30 E, 42nd, New York 
7.2m. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Richardson Co., 2799 Lake, Melrose Park, 
Til 

Ryerson & Son, Inc Joseph T., Chicago 
80, Ill 

Spaulding Fibre Co Inc Tonawanda, 
on 

Westinghouse Electric Corp., Gateway Cer 
ter Bldg. No 401 Liberty Ave., Pitts 
burgh 30, Pa 

BELLS 

Stromberg -Carlsor A Di of General 
Dynamics Corp 117 Carlson Rd 
Rochester 3, N. Y 

Wheelock Signals In 27 Branchport 
Ave Long Branch, N. J 


BELT DRIVES. See Drives, Belt 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc 
80, Ill 


Joseph T., Chic 


ago 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 

Beryllium Corp 

Mallory & Co., 
6, Ind 

Penn Precision Products, Inc., 


Reading, Pa. 


Inc., P. R., Indianapolis 


501 Crescent 


Ave., Reading, Pa. (Strip) 
Riverside-Alloy Metal Div., H. K. Porter 


Co., Inc., Riverside, N. J 


BIMETALS, See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 

BLADES, FAN 

Torrington Manufacturing Co., Torrington 


Conn 


BLOCKS, PILLOW 


SKF Industries, Inc., Philadelphia 32, Pa 


BLOCKS, TERMINAL. See Strips, Blocks 


and Boards, Terminal 
BLOWERS. See Fans and Blowers 
BOLTS See Fasteners. 


BOXES, METAL. See 
cators 


Sheet Metal Fabri 


BRAKES, BENDING. See Benders, Brake 
and Shears 

BRAKES, MAGNETIC 

Cutler-Hammer, Inc.. 1264 St. Paul Ave 
Milwaukee 1, Wis 

Baton Mfg. Co., Dynamatie Div., 3307 


Fourteenth Ave., Kenosha, Wis 


Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis 

Warner Electric Brake & Clutch Co., 
Dept. EM, Beloit, Wis. 


BRASS, BRONZE and COPPER (All 
Commercial Forms). For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Til. (Pre 
Finished Brass and Copper Sheet and 
Strip) 

Chase Brass & Copper Co., sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Driver Co Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J 


Hussey & Co. C. G., Pittsburgh 19, Pa 

Iisco Corp., Dept. F-10, 4730 Madison 
Rd., Cincinnati 27, Ohio (Copper Tub- 
ing) 


Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (CR-CW Strip) 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Somers Brass Co., Inc., 110 Baldwin 
Waterbury, Conn. (Strip) 


Ave 


BRAZING ALLOYS, SILVER 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

Baker & Co., Inc., 113 Astor, Newark 5, 
N.d 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

General Plate Div., Metals and Controls 


Corp., 1910 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N. ¥ 

Mallory & Co., Inc., P, R., Indianapolis 
6, Ind 

Ney Co., J. M., P. O. Box 990, Hartford 1 
Conn 

BRONZE. See Brass, Bronze and Copper: 
Phosphor Bronze. 

BRUSH CAPS 

Midwest Molding & Mfg. Co., Gurnee 96, 
Til 

Phoenix Electric Mfg. Co., 4211 W. Lake, 


Chicago 24, TIL 


BRUSHES: CARBON, GRAPHITE, 


METAL-GRAPHITE 

National Carbon Co Inc A Div. of 
Union Carbide Corp., 30 E. 42nd, New 
York 17, N. Y. 

Speer Carbon Co., St. Marys, Pa 

Stackpole Carbon Co., St. Marys, Pa 


United States Graphite Co., 
Saginaw 8, Mich 
Westinghouse Electric Corp. 


1621 Holland 


Gateway Cen 


ter, Bldg. No, 3, 401 Liberty Ave., Pitts 
burgh 30, Pa. 
Wilson Co., H. A., Route 22, Union, N. J 


BRUSH HOLDERS. See Holders 
Commutator Brush 


BUSHINGS 
Bearings. See Bearings and Bushings 
Composition. See Plastics Molders 
Fibre. See Fibre, Vulcanized 





Glass. See Glass, Technical 
Hermetic Seal. See Seals ar 1 
inals, Hermeti 


Mica. See Mica 

Porcelain. See Ceramics 

Rubber. See Rubber and Rubber Wr 
ucts 


CABINETS, SHEET METAL. Sve Shee 
Metal Fabricators 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire 


CAMBRIC, VARNISHED. 
Insulating. 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 
Aerovox Corp., New Bedford, Mass 


See Fabri 


Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis. 

Centralab, Div. of Globe-Union. In 
914 E. Keefe Ave., Milwaukee 1, Wis. 

Chicago Condenser Corp., 3255 W. Armi 
tage Ave., Chicago 47, IIL. 

Cornell-Dubilier Electric Corp., South 
Plainfield, N. J 

Corning Glass Works, Technical Products 


Div., Corning, N. Y. (Metallized Glass 
Eitel-McCullough, Inc., San Bruno, Calif 
a Resistor Corp., Electronics Div., Eric 

"a 
Fansteel Metallurgical 

cago, Ill. (Tantalum) 
General Electric Co., Apparatus Sales Div 

Schenectady 5. N. Y 
Johnson Co., F., 

S. W., Waseca, Minn 
Mallory & Co., In., P. R., 

6, Ind 


Corp., North Chi 








2331 Second Ave 


Indianapolis 


Radio Condenser Co., Davis & Copewood 
Camden 3, N. J. 
Sangamo Electric Co., Electronic Compo 


nents Div., Springfield, Ill 

Sprague Electric Co., 307 Marshall, Nort! 
Adams, Mass 

Stackpole Carbon Co., St. Marys, Pa 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas 


CAPS and PLUGS, PROTECTIVE 

Protective Closures Co. Inc 
Div., 2201-3 Elmwood Ave., 
a 


CaPlugs 
Buffalo 2% 


CARBON and 
Electrodes, 
Piles, 
ete.) 

Erie Resistor Corp 
Pa 

General Ceramics Corp Keasbey, N J 

Speer Carbon Co., St. Marys. Pa 

Stackpole Carbon Co., St. Marys. Pa 

United States Graphite cr lf 
Holland, Saginaw, Mich 


GRAPHITE: (Contacts 
Anodes, Bearings, Discs 
Plates, Plungers, Rings, Seals 


Electronics Div., Erie 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Casting 

Aluminum Co. of America 2315-J 
Bldg., Pittsburgh 19, Pa 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn 


CASTINGS, BRASS, BRONZE, COPPER 


Die 
Alcoa 


Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa 


CASTINGS, DIE 


Aluminum Co. of America, 2315-3 Ak 
Bidg., Pittsburgh 19, Pa 

Doehler-Jarvis Div. of National 
Toledo 1, Ohio 


Lead Co 


Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. (Zinc) 

Hoover Co Die Casting Div Nort! 
Canton, Ohio 

Madison-Kipp Corp., 214 Waubesa, Madi 
son 4, Wis 

Merkle-Korff Gear Co., 211 N, Morgar 
Chicago 7, Ill 

New Jersey Zine Co 160 Front New 
York 38, N. Y. (Zine Die Casting Al 
loys) 

Stewart Die Casting, A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave 


Chicago 39, Ill 
Twin City Die Casting Co. 
Ave » me, 


33rd & Talmage 
Minneapolis, Minr 


CASTINGS INVESTMENT 

Allis-Chalmers, Milwaukee 1, 

International Nickel Co.. Inc., 67 Wal 
New York 5, N. Y. (Nickel and Alloys 





CASTINGS, LEAD 


Twin City Die Casting Co 
mage Ave., 8. E., 


Tal 


Min 


33rd & 
Minneapolis, 
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TOTALLY-PROTECTED 
MOTOR 


When we speak of Totally-Protected, we mean 
superior frame design with rigidity for heavy load 
conditions. We mean Metermatic bearing lubrica- 
tion, acid and oil-proof insulation system, and motor 
leads, labeled and sealed in neoprene. 


Totally-Protected means all this and more, but 
most of all it means a new concept of motor design 
and construction. 


This Totally - Protected 
concept brings you a new 
motor efficiency. These 
motors have a built-in 
extra life —an extra life 
found only in Reliance 
Totally - Protected A-c. 
Motors. You profit from 
less maintenance and 
more production in your 
plant. 


For more information 
on this Totally- 
Protected concept, 
write to Dept. 2710-A. 
for Bulletin B-2401. 


B-1543 


RELIANCE R_ ELECTRIC 


AND ENGINEERING COMPANY 


CLEVELAND 17, OHIO - CANADIAN DIVISION: WELLAND, ONT. 
Sales Offices and Distributors in Principal Cities 
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SSS a aoe Oe 


CONTACTS 


Contacts in BRALOY* 


(Silver-Cadminm Oxide) 













Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


*Reg. 


LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACT 


C. $. BRAININ CO. 


SPER CTialial-b me siete a 


Circle 393 on page 17 


GENERAL 
PURPOSE 
RELAY 


(SERIES 130 RELAY) 
... the most useful relay 
for industrial application 


vos 8 






















LARGE 
BINDING HEAD SCREWS 
for No. 12 Were or Lugs 









LARGE SILVER CONTACTS 






self-cleaning 


MOULDED BAKELITE 


contect support 


MULT! POSITION 
REMOVABLE 
MOUNTING BASE 


NO OTHER RELAY IS SO VERSATILE 


SPECIFICATIONS 
RATINGS coms MOUNTING BASE 

20 amp. ot 115 V AC& DC te 230V Metal strap or bekelite. 
bte-ACerDtVOC ttentangetan OPPO Be see 7” 


degrees either direction 
for mounting convenience. 





CONTACTS 
Single and-double pole 
Single-and-double throw 


Aux. BT contacts available Power—? wotts 





U.L. Approved 
DIMENSIONS 8sose—!"«3%" 
Request complete data on Series 130 Relay. 


IGNAL 


LONG BRANCt 


Circle 394 on page 17 





CASTINGS, STEEL 


Lebar Steel Foundry, 82 Lehman, Leba- 
n. Pa 
CATHODE RAY TUBES. See Tubes 
Cathode Ray 
CEMENT, INSULATING and SEALING 
le Nemours & Co.. (Inc.), E. I 





ju Pont , 
( Polychemicals Dept., Wil- 

Del 

ics Div., Hooker Electrochemi 

10 Walck Rd., N. Tonawanda 








Electri Cc Plastics Dept 


De 
Johns 
7800 Wo 
Sauerelser 
Zophar Mills 
lyn 32. N. ¥ 


Manville Dutch 
llawn Ave., 
Cements Co. 


Brand Product 
Chicago 19 
Pittsburgh 15, Pa 
112-130 26tt Brook 





CERAMICS 


St rd & Special Electrical 

lalr low-volt 
Refractory Porcelair I 
High-voltage Porcelain Cc 
Cordierite (‘D 
Zircon Porcelain (E 
Steatite (Lava (F 
Titanates (G 
Cement- Asbestos (H 
Ferrites (I 
Akron Porcelain Co 272 Ave 
Akron 14, Ohic AB 

Alcor Manufacturing Co., 4444 
velt Rd., Chicago 2, Ill. (A) 

American Lava Corp., Chattanooga 5 








=> 





Cory 


W. Roose 


Tenr 


tronics Co Div of Clevite 
Perkins Ave., Cleveland 14 


Centralab, Div. of Globe-Union, In 914 

E. Keefe Ave Milwaukee 1, Wis } 
Ceramic Specialties Co.. 444 W. 6th, F 

Liverpool, Ot (ABCF) 
Erie Resistor Corp Erie 
General Ceramics Corp., 

BEFI 
Porcelair 
34 


Pa. (G 
Keasbey, N. J 


Tent 


America, Clifton Blvd 
Clifton, N. J Glass Bonded Mica 

New Jersey Porcelain Co., New York Ave 
& Plum, Trenton 5, N. J. (ABF) 

Pas Seymour In l Statior 
Syr 2; mo 

Porce Products, Inc., 

llay Ohi 

2799 Lake 


Knox Corp., Knoxville 1, 
Al 
Mycalex Corp. of 








Sandusky 


Melrose Park 


Rostone Corp., 2405 S. Concord Rd., Lafa 


‘ 6060 Rivard, Detroit 11 
Mict 

Stackpole Carbon Co., St 

Star Porcelain Co 41 
Trenton 9, N. J. (BF) 

Universal Clay Products Co., 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 122 Lincoln, Su: 


Prairie, Wis. (ABF) 


Marys, Pa 
Muirhead Ave 


1540 I 


CHAMBERS, TEST 
Blue M Electric Co., 
Bhi Island, Ill. 


138th and Chathan 





CHARGERS, BATTERY 


Ther Electric & Machine Works 
Jeffe n, Chicago 6, Ill. 


11A S 





CHARGERS, MAGNET. Sec 


and Demagnetizers 


Magnetize 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co., 1258 Clybourr 
cago 10, Ill 


Ave., Chi 


CIRCUIT BREAKERS 

Allen-Bradley Co., 1316 S. Second, Mi 
waukee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis 

Crouse-Hinds Co., Syracuse 1, N. Y 

Cutler-Hammer, Inc 1264 St. Paul Ave 
Milwaukee 1, Wis 

E-T-A Products Co. 

Elston Ave., Chicago 50, Ill 

Industries, Inc Rochester 2 

eral Electric Co,, Apparatus Sales 

Schenectady 5, N. Y 

Heinemann Electric 
ton 2, N. J 


of America, 5085 N 








Se 
Dis 








Co., 99 Plum, Trer 





Photocircuits Corp., Dept. EM9, Glen Cove 
N 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 5 Il 

Spencer Thert tat Div., Metals & Con 
trols Corp., 3610 Forest, Attleboro. Mass 

Square D Co., 4041 N. Richards, Milwau 


kee 12, Wis 
Westinghouse Electric Corp., 

ter Bldg. No. 3, 401 

Pittsburgh 22, Pa. 


Gateway Cer 
Liberty Ave 


CIRCUIT STRUCTURES, ELECTRONIC 

Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 

CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass 
American Lava Corp., Chattanooga 5, Tenn 






Centralab. Div. of Globe-Union, Inc., 914 
E. Keefe Ave., Milwuakee 1, Wis 

Croname Inc., 1769 Grace, Chicago 13 
1 

Daven Co rs W. Mt. Pleasant Ave. 
Route 10, Livi ton, N. J 

Erie Resistor Corp., Electronics Div., Erie 
Pa 

Methode Mfg. Corp., 7447 W. Wilson Ave 
Chicago 31, Ill 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 


United States Gasket Cx Plastics Div. ef 
The Garlock Packing Co., Camden 1, 
N. J 

CLAMPS and CLIPS, GROUND and 
TEST 

Burndy Corp., Omaton Div., Norwalk 
Con 

Iisco Corp., Dept. F-10, 4730 Madison Rd 
Cincinnati 27, Ohio 


Sherman Manufacturing Co., H. B., Battle 
Creek, Mich 
Thomas & Setts Co., Inc 28 Butler 


Elizabeth 1, N. J 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc. 445 Elm, Syca 
more lil 
Weckesser 256 N 


2 Avondale Ave 
Chicago 30, 11 


CLEANING COMPOUNDS, METAL 

Zophar Mil Inc 112-130 26th, Brook 
lyn 32, N. ¥ 

CLIPS, SNAP. See Rings, Retainer and 
Snap 

CLOTH, INSULATING. See Fabrics, In 
sulating 


CLOTH TRACING. See 


Film and Paper 


Tracing Clotl 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co., 
Conr 


Manchester 





Cutler-Hammer, Inc 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Eaton Mfg Ce Dynamati Diy., 3307 
Fourteenth Ave., Kenosha, Wis 

Radio Condenser Cx Davis & Copewood 
Camden N. J 

Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis 

Vickers Electric Div Vickers, In 1803 
Locust, St. Louis Mo 

Warner Electri Brake & Clutch (¢ 
Dept. EM, Beloit, Wis 


CLUTCHES, MECHANICAL 


Curtiss-Wright Marquette 
1145 Galewood Cleveland 10, 


Corp 
Dr 


Di 
Ohir 


COAXIAL CABLE. 


sulated 


See Wire and Cable 


COIL CORES and FORMS 

















American Lava Corp., Chattanooga 5, Tenn 
Cambridge fhermionie Corp., 453 Concord 
Ave Cambr e 38, Mass 
Cleveland Container Co., 6201 3arbertor 
t Cleveland 2, Ohio 
Continental-Diamond Fibre, A Sub. of The 
Budd ¢ Newark 1 Del 
Cosmo Plastics ¢ 239 W. 14th, Cleve 
land Ohi 
Gries Reproducer Corp., 149 Beechw 
e., New Rochelle, N. Y 


Mycalex Cor 
Clifton, N. J 
National Vulcanized 





of America, Clifton Blvd 


Fibre Co., Wilming 







ton 99, De 
Orange Products, Inc., 554 Mitchell, Or 
ange, N. J 
Paramount Paper Tube Ce., 612 Lafay 
ette, Fort Wayne 2, Ind 
Precisior Paper Tube Co 2035 W 
Char! Chicago 47, Ill 
Radic Inc., 9540 Tulley Ave., Oak 
WT Div. of Precision ape 
( 6980 North Central Park 
Chicago 45, Ill 
Stackpole Carbon Co., St. Marys, Pa 
Screw-type, Molded Iron 


United States Gasket Co., Plastics Div. of 








The Garlock Packing Co Camder 
N. J 

COILS and WINDINGS 

Acme Wire C« 1255 Dixwell Ave., New 
Haven 14, Conr 

Anderson Contr Inc., 2777 Mannheim 
Rd., Des Plaine Ill 

Audio Development Cc 2836 13th Ave 
South, Minneapolis 7, Minn 


Caledonia Electronics & Transformer Cort 


Dept. EM-10, Caledonia, N .Y 

Cambridge Thermionic Corp 453 Concord 
Ave Cambridge 38, Mass 

Comar Electric Co., 3349 Addison, Chi 


18, Til 
slass Works 


Corning 





Technical Products 


Div., Corning, N. Y. (Glass Inductance 

Coto-Coil Cr In 63 Pavilion Ave 
Providence 5, R. I 

Cutler-Hammer, Inc 1264 St. Paul Ave 
Milwaukee 1, Wis 

Dano Electric Co., 93 Main, Winsted 
Conr 

Deluxe Coils, In 1300 First, Wabast 
Ind 


Dormeyer Industries 
Chicago, Tl 


3414 Milwaukee Ave 


Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapt 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. ¥ 

Gries Reproducer Corp., 149 Beechwood 
Ave.. New Rochelle, N. Y 

Iisco Corp., Dept. F-10, 4730 Madison Rd 
Cincinnati 27, Ohio 

Nothelfer Winding Laboratories, P. O 








Box 455. Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison. N. J 

Standard Electrical Products Co., 2240 E 
Third, Dayton 3. Ohio 

Ther Electric & Machine Works, 11A S 
Jefferson, Chicago 6, Tll 

Universal Manufacturing Co., Ine., 1168 
Grove, Irvington, N. J 

COIL WINDING MACHINES 

Boesh Manufacturing Co Ine Danbury 


Conn 
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TESTS BY REMINGTON RAND PROVE... 





‘‘MYLAR”’ offers a unique 
combination of properties 
valuable for electrical design 





HIGH TENSILE STRENGTH. “Mylar” 
is the strongest plastic film. Instron tester 
shows an average strength of 20,000 lbs. psi. 





HIGH DIELECTRICSTRENGTH. Aver- 
age of 4,000 volts per mil 
factor of 0.003 at 60 cycles 


average power 

dielectric 
constant above 3.0 at 72°F., 1,000 cycles. 
LEI TI PEO ONT * PRES FO 


moo. 





THERMAL STABILITY. Tests prove 
“*Mylar” has an effective operating range, 
80°F. to 300°F won't brittle with age. 


Du Pont MYLAR’ provides greater reliability, 
longer life for capacitors used in Univac’ 


PROBLEM: The Remington Rand 
Division of the Sperry Rand Corp. 
had to find a capacitor of high reli- 
ability that could meet the require- 
ments of extra-sensitive circuits 
found in UNIVAC* Data Automation 
Systems. 

SOLUTION: In a series of accelerated 
tests by Remington Rand, various 
types of capacitors were exposed to 
conditions more exacting than those 
found in normal operation of UNIVAC 


4€6.u.s Pat OF 


BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEMISTRY 


DU PONT 


wD Aa V2 


POLYESTER FILM 
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Systems. These tests proved that ca- 
pacitors made with ‘‘Mylar’’+ poly- 
ester film offered greater reliability 


and longer life, with an extra margin 
of safety in moisture resistance. The 
tests documented the fact that 
““Mylar’’ provides excellent insula- 
tion resistance at high temperatures 
... “Mylar” does not deteriorate 
with age or voltage stresses within 
normal operating ranges. 

RESULTS: By using capacitors made 
with ‘“‘“Mylar’’, Remington Rand has 


*UNIVAC is a registered trademark of Sperry Rand Corporation 
t“MYLAR” is Du Pont’s registered trademark for its brand of polyester filn 


E. I. du Pont de Nemours & Co. (Inc.) 
Film Dept., Room EM-10, Wilmington 98, Del. 


Please send your booklet listing properties, applications and 
types of ‘“‘Mylar’”’ polyester film available (MB-11). 


Application 


improved the performance of another 
component in UNIVAC Systems... 
has helped improve the performance 
of UNIVAC Systems themselves. 
HOW CAN ‘‘MYLAR” HELP YOU? 
Whether you make guided missiles 
or tiny components, it will pay you to 
investigate the unique advantages of 
using “‘Mylar”’ film . . . or products 
made with “‘Mylar’’. Send for a copy 
of our new booklet containing de- 
tailed information on properties and 
applications. 





Name 
Company 
Address 
City 


Circle 395 on page 17 


Title 








Designers— Engineers: Cot Winding Kauibment Co., Oyster Bay, General 


i a le Metals and Controi- 
N. ¥. Corp 1910 st, Attleboro, Mass 
Fort Wayne Tool, Die & Engineering Cx Gibson Electric r Old Wm. Penn High 


1025 Goshen Rd Fort Wayne, Ind way, Delmont, Pa 
Rex Rheostat Co., Baldwin, L. L, N. ¥ Mallory & (Cx Inc I’. R., Indianapoli> 
Manufacturing Co., Inc George, ‘ Ind 
22 Rogers Ave Chicago 30, Ul Ney Co J. M., P.O. Box 990, Hartford 
sal Manufacturing Co Inc 1168 1, Cont 
ro Irvingtor N. J Stackpole Carbon Co St. Marys, Pa 
niversal Winding (« P l ) 


v Thomson Mfg. Co., Judson L., Dept. D 
Providence 1, R. I Waltham 54, Mass 


Wilson Ce H. A., Route 22, Union N. J 


COLD HEADED PARTS. Sce Fasten: ‘ ; 
CONTACTS, CARBON. See Carbon and 
COLLARS, SHAFT Graphite 


Climax Metal Products Co 


ioth Cleveland. 10. Ohi ; CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J 
COMMUTATORS 


Electro Tec Corp South Hackensack, CONTRACT MANUFACTURING 


ee | Aluminum Goods Manufacturing Co 
Kirkwood Commutator Co., 4855 W. 130th, Manitowoc, Wis 


‘i Cleveland 11, Ohio Chase Brass & Copper Co., Sub of Ken 

Midwest Molding & Mfg. Co., Gurnee 9¢ necott Copper Corp., Waterbury 20, Conn 
| -will solve your Croname inn 1169 Greece, Colceas 13) Tl 
| 
| 
| 
| 
} 
1 
i 
} 


Nippert Electric Products Co., 1759 W. Elgin National Watch Co., Micronice 
t 1 h t h ti | Mound, Columbus 23, Ohio Div., Elgin, I 
oug es erme ic sea Toledo Commutator Co., South Chestnut, Kirk and Blum Manufacturing Co., 3122 
Owosso, Mich 


= Me? Cincinnati 9, Ohio. - 
. . Yestinghouse Electric Corp., Gateway Cen- Merkle-Korff Gear Co., 211 N organ 
problem with a wide ter “Bldg No. 03 


401 Liberty Ave Chicago 7, Til 
Stromberg-Carlson, A Div. of Genera! 


margin of safety ! COMMUTATOR SAWS Rohe NX 


Pittsburgh 22, Pa 


and SLOTTERS Rochester 21, N 
Holub Industries t 5 elm Syca 

mere Se SSS Mim. Gree- conreoLLERs, MOTOR 
Ideal Industries, Inc 1008 Park Ave Allen-Bradley Co., 1316 8. 


Second 
Sycamore Th 


Milwaukee 1, Wis 
Allis-Chalmers, Milwaukee 1, Wis. 
COMPARATORS, OPTICAL A\rrow-Hart & Hegeman Electrie Co., 10: 
Bausch & Lomb Optical G i717 7" Hawthorne Hartford 6, Conn 
‘Paul, Rochester 2, N.Y.) Bristol Co., Waterbury 20, Conn. 
Clark Controller Co., 1146 E. 152nd 
. . Cleveland 10, Qhio 
COMPOUNDS. SEALING. See Cement. GCrouse-Hinds Co., Syracuse 1, N. Y 
nsulating and Sealing; also Waxes and Gytier-Hammer Inc., 1264 St. Paul Ave. 
Milwaukee 1, Wis I 4501 
: Electro Products Laboratories Inc., 450 
COMPOUNDS, VARNISH. See Varnishes, “N. Ravenswood Ave., Chicago 40, II 
Compounds and Resins, Insulating Eseco Works, Delta-Star Div., H. K 
Porter Co Inc Lockport, Tl 
COMPUTER COMPONENTS Federal Pacific Electric Co., 50 Paris 
Airpax Products Co., Fort Lauderdale, Newark 1, N. J : 
Fla Furnas Electric Co., 1024 McKee, Batavia 
Electro-Mechanical Div., Erie Resis- Til 
Corp Erie 6, Pa General Electric Co., Apparatus Sales 
al Telephone and Radio Co, Div. of Div., Schenectady 5, N. Y. 
ternational Telephone and Telegraph Hart Manufacturing Co., 211 Bartholomew 
_ -orp., 100 Kingsland Rd., Clifton, N. J Ave Hartford 1, Conn 
Texas Instruments Incorporated 6000 Servo Tek Products Co., 1086 Goffle 
Lemmon Av¢ Dallas 9, Texas Rd., Hawthorne, N. J 
Square D Co 4041 N. Richards, Mil 
CONDENSERS. See Capacitors waukee 12, Wis : 
Vickers Electric Div Vickers Inc., 180 
Locust, St. Louis 3, Mo 
CONDUIT FITTINGS Ward Leonard Electrie’ Co., 84 Soutt 
Appleton Electric Co., 1723 Wellingtor Mt. Vernon, N. ¥ 
Ave., Chicago 13, III 
ee an ectstont Products Corp., 225 CONTROLLERS, POTENTIOMETER 
te. 22 fillside, N. J " . @ * 
"re ' . : , Bristol Co. Waterbury 20, Conn. 
ee Co., Syracuse 1. N. ¥ | Weston Electrical Instrument _ Corp \ 
deal-Simplet Fittings. Inc., Sub, of Ideal sub. of Daystrom. Inc., 614 Frelinghuy 
: ae Inc., 1008 Park Ave., Syca er Ave Newark 5 N J 
. National Co., 1388 N. Kostner Ave Wheelco Instruments Div., Barber-Colm 
OUTSTANDING 5 


s ect ADVAC hicago 51, i Co., 1403 Rock, Rockford, Tl 
DESIGN P y 


FLOAT and LIQUID 
CONNECTORS, PRINTED CIRCUIT CORTE, ee. 
ADVANTAGES for temperatures to Amphenol Electronics Corp., 1830 S$ ey an re 

x ° Ave., Chicago 54, Ill 
att 1400°F, pressures Methode Mfg. Co.. 7447 W. Wilson Ave, CONTROLS, PRESSURE and TEMPER 


Chicago 31, Il ATURE. See also Relays Switches 
SUT aL to 2000 P.S.|I. seas One 


CONNECTORS, WIRE and CABLE Allen-Bradley cs 1316 S. Second, Mi 
: waukee 4 is 
TAG ° . AMP Incorporated, 21 >axton =e ssembiy Products, 1 ‘hesterland 14 
Ue ADVAC Hermetic Seals are {P Incorporated, 2100 Paxton, Hi: Assembly Produc I Chesterlan 


burg Pa 


Onhic 

. - . aw we American Brass Co., Waterbury 20, Conr tomatic Timing & Controls, Inc., Sut 
ro 1 € q ) s Automatl imi . > 
pr duced und r an exclusive Amphenol Electronics Corp., 1830 S ith of Safety Industries, Inc., King of Prus 
process that provides a superior Ave., Chicago 54, IIl sia 6, Pa. ae 

. . Sen / ( ‘orp.. Scinti iv -C ‘0 t. V, 1203 Ro 
? : seal capable of withstanding ii — m_ Corp., Scintilla Div., Barber-Colman Co., Dept. V. 12¢ 
A ee 


c ; : Rockford, 1 : 
gruelling environmental condi- Buchanan Electrical —_- Products ‘25 Bourns Laboratories, P.O. Box 211 


° ° Rte. 22. Hillside, N. J erside Calif 
i} mi tions. Advac terminals feature Burndy Corp., Omaton Div., Norwalk, alee Pe aay 20, Conn 
a metallized high grade alu- ,, Conn. ; Cutler-Hammer Inc. 1264 St. Paul Ave 
. . $ m Electric Co. Dept 100 3209 Milwaukee 1 Wis 
mina construction that t oe it, Los Angeles 31, Calif Edison Industries Themes ‘ ome 
-< ° "re > ds C Syracuse N y me Mc-Gre cdison ‘o 
> Maximum PTT provides a super-strength seal aoe E Ore 7 ment — Div age 


Electric Co., Construction Ma- West Orange N. J 


Yon — - en i ritics als Div Bridgeport 2 Conr ~leasant, Ashland, Mass 

€ rformance - Oo n < i ger 2 u . 1 In 110 Pleasan 

rb 000 Vy E ; pr we = critic al yu ndustries, Inc., 445 Elm, Syea are teak Sn 8 Hollywood Plaza 
, ° commercial and military appli- rl 


Id 1 I 1 Park A East Orange, N. J a — 
. ° F ‘ = 3 eal ndustries ne 008 "ar Ave General Electric Co Appara Sale 
cations, ADV AC seals are Seamate ain a a Div., Schenectady 5. N.Y 
Sten aah available in standard types or n co Corp... Dept. F-10. 4730 Madison part’ Manufacturing Co.. 211 Bartholomew 
: “: ‘ Cincinnati 27 hilo e rtford 1, Conn 
iy custom designs for special re- Johns-Manville, Dutch Brand Products, ysacci4 Corp. 4201 Belmont Ave., Chi 
P " a ¢ 7800 Woodlawn Ave., Chicago 19, Ill. ““paoq 41, Tl 
Sted p MTT quirements Johnson Co.. E. F. 3331 Second ‘Ave, pomrtshaw-Fulton Controls Co,  Acr 
s. W Waseca, Minn 


cans ; s ; ‘ a ee yiv olumbus 16, Ohio 
ile Soft-soldering NEW BL LLETIN contains Krueger & Hudepohl, 1043 Evans, Cin- bi ae 


Spencer Thermostat Div., Metals + 
. . . innati 4 Ohio ale Cy 3610 Forest, Attleboro ass 
. omplete information on the Pass & Seymour Inc., Solvay Stat trols Corp , 


Y " square D Co., 4041 N. Richards, Milwau 
; TACT. ow “eg Syracuse 9, N. kee 12. Wis 

ADV AC line Address inquiries Pyle-National Co., 1388 N. Kostner Ave eoneees Electrical Instrument Corp A 
to Dept. MF. 51 


Chicago Til sub. of Daystrom Inc., 614 Frelinghuy 
Sherman Manufacturing Co., H B 2 


se p Newark 5 N 
Battle Creek, Mich wheal ea a Div Barher-Colmar 
Switchcraft on » 1828 N. Halsted hi Co.. 1403 Rock, Rockford a n 
cago 22 ees Cc Edwi L. 753 hom a 
ADVAC TERMINALS ARE PRODUCTS OF — Thomas & Betts Co., Inc., 28 Butler, Wiesand Co 8 


Elizabeth 1. N. J Bivd., Pittsburgh 8, Pe 
vlizabeth A 


SH-PULL 
ADVANCED CONTACTORS. MAGNETIC. Sor ne. CONTROLS. PUsHLtY 


ays and Contactors. \rens Controls, 2017 Greenleaf, Evanstor 


Til 
VAC uU uU re CONTACTS and CONTACT POINTS 


CONTROLS, REMOTE, See Push Buttor 


American Platinum Works, 231 New Jersey Stations: Relays and Contactors; 
PRODUCTS - INC eT die Nin 5, Oo 


Baker & ( Inc 113 Astor, Newark 
N. J 


430 FAIRFIELD AVENUE, STAMFORD, CONN. Skil sa. sec. coe iaitiien ‘eh: aeainn ibi. Qn teeta 


Vernor Me x nisms 


Tel h DAvis 4-2148 Deringer Metallurgical Corp., 8119 Monti 
ele one: vis 4- cello Ave Skokie, Tl 
‘ Eitel-McCullough, Inc San Bruno, Calif CONVERTERS, ROTARY 


A DIVISION OF GENERAL CERAMICS CORPORATION Fansteel Metallurgical Corp North Chi Carter Motor Co., 2708 W. George, Ch 


ag I eago 18, Ill 


Compounds 
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ENGINEERING DATA 


Size 4 A.C. Contactor Ratings* 


Ye Enclosed Power Rating 
Three Phase 
Volts 


Across-the-Line 
Starting 


Across-the-Line 
Plug-Step or 





Single Phase Three Phase 
KW. Volts K.W. 





130  % 
52 
105 





Tungsten Lamp 
—— = 120 Amperes for 250 Volt Circuits or Less 


Heating Load** 


*The ratings listed are those recommended by the National Electrical 
Manufacturers Association. 


**These ratings apply to open or enclosed contactors 
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LIVE BETTER... E/ectrically ©. 


“Cora” 


NEW 
150-amp 
solenoid 
contactor 
extends 
proven line 


This new Size 4 A.C. solenoid contactor is ideal 
for use in motor starters and controllers for main 
line, accelerating and reversing purposes and 
for resistance heating and lamp loads as well. 

It’s the new Bulletin 4454—incorporating 
many advanced design features found on Ward 
Leonard’s Sizes 0 to 3 contactors. Check these 
outstanding features : 

New sintered-silver-cadmium-oxide contacts 
—can repeatedly handle high inrush currents 
without a sign of contact welding, excessive 
pitting or other damage. 

Simple, compact solenoid design—excellent 
for modern metal control panels using acces- 
sible front-of-board wiring, particularly useful 
where panel space is limited. 

Available with two or three main poles and 
up to 4 side-mounted auxiliaries. Also with pro- 
vision for mechanical interlocking and addition 
of overload relays. 

Completely described in Bulletin 4454. Write 
for your copy today. The Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada 
Ltd., Toronto. ) 


a 





DIP COATINGS for “PAC” Pre-Assembled 
Components produced by Erie Resistor Corp. for 
quick installation in printed wiring boards are 
echanically strong, heat-resistant, non-conductive...made 


with DUREZ RESIN COMPOUNDS 
BN — 


Phenolic Plastics that Fit the Job 


HOOKER 


CHEMICALS 
aw Ca ler 


For full information and 
data on special phenolic resin 
compounds developed for 
electronic coatings, please write 


~* 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 
1310A Walck Road, North Tonawanda, N.Y. 
Circle 398 on page 17 


Sub-Miniature 


precision wire-wound 


Potentiometers 


and 


Trimmers 


102 to 250K 102 to 150K 
VY,” size \,” size 
linearity +.3 % linearity +3 % 
extremely high low price 

resolution 


ACEPOT: 
LACETRIM 


Acetrim 
Acepot actual size 


actual size 


ACEPOT (potentiometer) 
std +2%, 


10 ohms to 250K 
higher or lower on special 
order; linearity +.3%; 14” size; weight 
For applications where 14 oz.; torque: .035 oz./in. @ 20° C.: 
you must be sure... power: 2 watts for 60° C. rise; ambient 
fill your potentiometer temperature: —55° C, to 125° C. (new 
aul trimmcer weeds wth nang —— A ( ; a 
ai ervo Oo sh mountings; single or gangex 

these Space and weight units; tapped units, self sonlained Gatien 
saving, bighly accurate device; sealed, moisture-proofed, anti-fun 
and reliable units. gus treated; meets applicable portions of 
AN specs and MIL-E-5272A standards. 


Expedited delivery on ACETRIM (trimmer) 10 ohms to 150K std., 
5 linearity +3%; 1” size; weight 


prototypes; prompt 5%; 

scheduling of produc- \% oz.; torque: low or high as required; 
tiow orders. Send for an a — Cc. aoe: peer pen 

ri »anel anti-rotation pin, stops and se 

catalog sheets and ap- contained locking dovlen (new aeorinn es- 
plication data sheets. pecially for printed circuits has round or 
flat tabs for easy assembly); meets appli- 
cable portions of JAN specs and MIL-E- 


5272A standards; low price. 


ACEPOT ACE ELECTRONICS ASSOCIATES, INC. 


JERI Dept. EM, 101 Dover St., Somerville 44, Massachusetts 


tel: SOmerset 6-5130 - Engineering Representatives in Principal Cities 


in use! 


proved 


* Trademarks applied for 
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COPPER. See Bras sronze and Copper 


COPPER, 


Copper 


BERYLLIUM. See 


Beryllium 


cOoRD 


and TWINE, 
COIL 


ARMATURE and 


Insulation Manufacturers 

Washington Blvd., 

Mica Insulator Co 
Mining & 


Corp 65 W 
Chicago 6, Ill 

Sub. of Minnesota 
Manufacturing Co., Schenee 
ady 1, N. Y¥ 

Vartlex Corp., 504 W. Court, Rome. N. ¥ 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 


Pittsburg 22 Pa 


CORD INSULATED. See 


Insulated 


Wire and 


CORD, RESISTANCE LINE. Sce Resist 


L Cor 


CORD SETS 


Manufacturing C¢ 1633 W. Var 
surer Chicago 44, Ill 
e F Mfg. Cc Trenton 4, N. J 
nish Wire Cc In 50 Church, New 
m= 7%, N.Y 
1. Di Essex 
DeKalb Til 
lectrie ¢ Construction Mate 
Bridgeport 2, Conn 
ics Corp., Commercial & Fe 
Mass 
orp Pawtucket, R. I 
Corp Gateway 
401 Liberty Ave 


Wire Corp 121 


1729 


Ohio 


Eastham Ave 


Stripper 
Cleveland 12 


POWDERED METAL. See Cores 


CORES, 
t rmer; Powdered Metal Products 


Transf 
CORES, REFRACTORY, See Ceran 


CORES, 


America 


TRANSFORMER 


Lava Corp Chattanoogs 
Engineering Co 
Ceramics Corp 
N. 2 

t Metals Co 
] N 
In x 91 

Tulley Ave 


Marengo 
Dept. ME 


Hayes Ave at 2ist 


Butler Pa 


Oak 


St. Marys, Pa 

& Skinner 1114 B. 23rd 
anapolis 7 I 

Corp Gateway 


101 Liberty Ave 


CORK and CORK COMPOSITIONS 
Armstrong Cork Ingersol, Lar 
cast Pa 


Co T7009 


COUNTERS. See also 
troni Relays 

Automatic Timing & Controls 
f Safety Industries Inc 
Prussia ¢ Pa 

Berkeley Di of Beckman 
Ir 2200 Wright Ave 
Calif 

Boesch Manufacturing Co.. Inc 


Instruments 


Inc Sul 
King of 


Instruments 
Richmond 
Danbur 
nstrument Corp 2415 Pennsyl 
€ Fort Wayne, Ind 
RB 0 Waterbury 20, Conr 
Eagle Signal Corp., 202 20th, Moline, III 
Kellogg Switchboard and Supply Co 
6650 S. Cicero Ave Chicago 38, Il 
Production Instruments, Div. of Genera 
Controls Co. 8074 McCormick sivd 
Skokie, Til 
Veeder-Root, Inc 


, Hartford 2, Conn 


COUPLINGS, CLUTCH. See Clutche 


COUPLINGS. 


Climax Metal Products Co 863 East 
10th. Cleveland 10, Ohio 
Eaton Mfg Co., Dynamatic 
Fourteenth Ave Kenosha 
Lovejoy Flexible Coupling Co 
Lake, Chicago 44, Ill 


FLEXIBLE 


Div., 3307 
Wis 
i302 W 


Semi 
Crystal 


CRYSTAL DIODES. See Rectiflers 
onductor Transistors and 


CRYSTALS, QUARTZ 

Brush Electronics Co Div of Clevite 
Corp., 3405 Perkins Ave Cleveland 14 
adhe 

RCA Electronic Tube Div., 
f America, Harrison, N. J 


CYLINDERS, AIR 
Mead Specialties Co 4114 N. Knox Ave 
Dept E-47, Chicago 41 ml 


DELAY LINES. See 


tadio Corp 


Computer Comy 


DIAL LIGHT ASSEMBLIES. 


Pilot and Indicator 


See Lights 


DIALS and PANELS 


torg Equipment Div 
Corp Janesville 
Croname Inc., 1769 

Ill 
Helipot Corp., Div. of Beckman 
ments In P.O Sox 458 

Beach, Calif. 

Lancaster Glass 

Lancaster, Ohio. 
Mica Insulator Co., Sub. of 

Mining & Manufacturing Co., 
tady 1, x. Ft 


George W. Borg 
Wis 

Grace, Chicago 13 
Instru 
Newport 
Corp., 220 W Main 
Minnesota 
Schenec 


DIE CASTINGS. See Castings, Dies 


DIELECTRIC HEATING UNITS See 
High Frequency Heating Units 


DIE-SETTING TOOLS 


Wales-Strippit Co Akror N Y 


DIES, PRECISION, LAMINATION Ete 


Stein & < Inc Wm 
Paul ‘ ster oe 
Sylvania Electric Products Inc 1740 
Broadway New York 19 N Y 
Twin City Die Casting Co ord & 
Talmage Ave S. E., Minneapolis, Minn, 


e 124 St 


DIODES tiflers 


Transistor nd Crystal 


Semi 


Diodes 


onductor 


DRAFTING EQUIPMENT 
MATERIALS 

Keuffel & Esser Cc 

Ozalid A Dis of 
Film Corp 


and 


Hoboken N J 
General Aniline & 
Johnson City N y 


DRIVES, BELT 


Allis-Chalmers Milwaukee 1 Wi 
New York Belting & Packing (+ 
Market St Passai N. 4 


DRIVES, ELECTRONIC. See also Speed 


Reducers and Drives 


Eaton Mfg. Co Dynamatic Div 
yurteenth Ave Kenosha, Wis 
General Electri Co Apparatus Sales 

Div Schenectady 5 
Reliance Electric & Engineering Cc 
2710-A Cleveland 17, Ohio 
Servospeed Co Dis of Electro- Devices 
Inc 4 Godwin Ave Paterson 1, N. J 
Westinghouse Electri Corp Gateway 
Center, Bldg. No. 3, 401 Liberty 
Pittsburgh 30, Pa 


Dept 


DUCTS, 

Spaulding 
N 

Stahlin Brothers Fibre Works, Inc 
E Belding Mich 

Taylor Electric, In 
23, Mich 


WIRING (Control Panel) 
Fibre ¢ Inc TX 


nawanda 
Dept 


15406 Dale Detroit 


DUPLICATING MACHINES, DIELESS. 


See Benders Brake and Shears 


DYNAMOMETERS 


Chatillon & Sons, John 5 Cliff 
York 38, N. Y 

Eator Mfg Co Dynamati Div 3307 
Fourteenth Ave., Kenosha, Wis 

General Electri Ce Apparatus 
Di Schenectady 5, N. Y 

Robbins & My Inc Springfield, Ohio 

Westinghouse Electric Corp Gate 
Center, Bldg. Ne 401 Liberty 


Pittsburg 


New 


Sales 


23, Pa 


DYNAMOTORS 
Carter Motor Co 70 seorge, Chi 
cago 18, Il 


ELECTRICAL SHEETS. See 


trical 


Steel 


Elec 


ELECTRONIC COMPONENTS. See spe 


cific headings 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Etc.) 


American Lava Corp., 
Tenn 

Eitel-McCullough, Inc 

Engineering Co., 27 
N. J 

Ford Radio & Mica Corp., 536-540 63rd 
Brooklyn, N. Y 


Chattanooga 5 


Calif 


Newark 5 


San Bruno 
Wright 


Com 


ENAMELING SHEETS. See Steel 


mercial Forms and Grades 


ENAMELS. See Lacquers Enamels 
Paints and Varnishes, Finishing 


EYELETS and GROMMETS 


Brass & 
Copper 


Sub. of Ken 
Waterbury 20 


Cepper Co 
Corp., 


Chase 
necott 
tonn 

Fastex Div. of Illinios 
Algonquin Rd Des 

Goshen Rubber Co Inc P. 0 
Goshen, Ind 

Revere Copper 
Ave New 

Roth Rubber Co 
Chicago 50 Til 

United States Gasket Co 
of The Garlock Packing Co 
N. 2 


Tool Works 195 
Plaines, Ill 
Box 517 
and Brass, Inc., 230 Park 
York 17, N. ¥ 
1860 S. 54th Ave., 
Plastics Div 
Camden 1 


(Sheets, 


FABRICS, INSULATING. 
Ete.) 


Tapes, Yarns, Thread, Cord, 


Glass Fiber, Varnished Cambric, Cotton, 
Linen, Silk Asbestos, ete See also 
Tape and Sheeting Synthetic Resin; 
Tubing and Sleeving, Braided Fabric 

Acme Wire Co., 1225 Dixwell Ave New 
Haven 14, Conn 

Bentley, Harris Mfg. Co 
Conshohocken, V’a 

Brand & Co., Int William 
1, Conn 

Continenta 
13, Del 

Cottrell Paper Co., In 
Rive Mass 

Electro-Technical 
Chemical Corp 


1210 Barclay 


Willimantic, 


Diamond Fibre Co Newark 


Fall 


88 Purchase 

Products, Div. of Sun 

Nutley 10, N J 

General Electric Ct Laminated Products 
Dept Coshocton, Ohio 

Gudebrod Bros. Silk Co., Ine 
Philadelphia 7 Pa 

Hess Goldsmith & Co Inc 
Linton Div 1400 Broadway, 
3s. X Y 


, 12 8. 12th, 


Horace 
New York 
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TIMERS...SPECIAL DELIVERY 


Standard or 
special — 
Industrial Timer 
makes 

rapid deliveries 
on all models 


Sometimes you need a standard 
model timer... other times you 
need a special. Either way we 
can give you the extra rapid 
service you may need because 
of the efficient way we design, 
manufacture and stock timers 
for industrial applications. 


To meet all of the widely 
varying needs of our customers 
we manufacture a complete line 
of timers in the four broad clas- 
sifications illustrated here: 


. TIME DELAY TIMERS 
INTERVAL TIMERS 
. RE-CYCLING TIMERS 
4. RUNNING TIME METERS 


From these we have already 
developed 20 basic types which 
can be combined in endless 
number of ways . . . to date, 
our engineers have combined 
them into over 1000 different 
models. So what might seem to 
be a special timer requirement 
to you, will very often be a 
standard timer in our large 
stock, and that is the reason we 
have the ability to fill special 
orders so quickly. And as far 
as standard timers are con- 
cerned we can give overnight 
service if necessary. 

So, for the utmost in all- 
round service depend on us for 
this outstanding combination: 
deliveries “Immediate on Stan- 
dards . . . First on Specials”. 


Timers that Control 


the Pulse Beat of Industry 
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a 


lime Delay, 
_ Timers 


Running Time 


Meters 


” | pe-byating } 
Timers. 


TIME-Ot- 


usr 


IMER> | 


aes RATIO 


Speed up your 
automatic 

control projects — 
profit by our 
timing application 
experience 


No need to let timing problems 
delay you in your automatic 
control projects when you can 
place them with us and get 
faster solutions. Even thou a 
no two automatic control jobs 
are ever exactly alike, and even 
though the timer requirements 
of each are very different we 
have established an excellent 
record in helping out in these 
Situations. 

20 years of experience in an- 
alyzing complex timer applica- 
tions has provided us with the 
special knowledge required to 
give our customers the right an- 
swer in near-record time 

Our large stock of standard 
and combination timers enables 
us very often to fill orders for 
these requirements without any 
time loss because we have al- 
ready developed so many new 
combinations specifically for 
automatic control functions. 

Extra special automatic con- 
trol timer — this calls for 
original designing. Our engi- 
neers will go right to work and 
get the job done. That’s the way 
we grow and we like it. 

Whatever your control prob- 
lem, you have everything to 
gain by submitting it to our 
timer specialists. They'll come 
up with the answer almost 
with the speed of automatic 
control itself. 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4, N. J. 


Circle 400 on page 17 





Strip TEFLON® 


Reduces waste and rejects! 


Speeds production! 


INSULATED WIRE 


with EASE and 
PRECISION 


It is now possible to strip Teflon insulation from 
#10 to #26 wires, quickly and accurately—with 
no damage to conductor, no marking of insulation. 
IDEAL’S new Stripper features “Concentric Hole” 
blades and specially designed jaws that make Teflon 
as easy to strip as any other type of insulation. 


Nicking and scraping of 
conductor are virtually eliminated because blades 
are precision drilled on watchmaker's equipment to 
the exact size of the wire. Greater contact area and 
fine serrations of jaws provide extreme holding 
power, permitting insulation to pass the most rigid 
inspection standards — where marking and grooving 
must be kept to a minimum. 


Automatic one-squeeze action makes 
Teflon stripping a “lightning-fast” operation for 
anyone. Just insert wire between blades to desired 
length, squeeze handle and release. Jaws snap back 
into position, ready for next strip. 


“TEFLON is a registered trade name of E. |. duPONT deNEMOURS & CO. 


Two additional features (optional) 


SHORT STOP 


LATCH —limits 
stripping stroke 


to a 

ly 5/32”. 

: . lation. “‘slug” 

remains on wire, protecting strands. 

Latch may be disengageti. to’ allow 
full 7/8” stroke. 


length for uni- 

form stripping 

every time. Al- 
lows Rreater visibility for plac- 
mg wire in holes. 


Sold Through America’s Leading Distributors. 
In Canada: Irving Smith, Ltd., Montreal. 


IDEAL INDUSTRIES, INC. 


GDEAL 
1008-J Park Avenue, Sycamore, Illinois =—— 


re 


Please send me full catalog data on Teflon 
Hand Stripper. 


COUPON 


FOR FULL 


CATALOG a 


aya Company 


ttl te a 
City -Zone___State. 


Circle 401 on page 17 


‘oximate- 
Insu- 


Insulation Manufact 
Washington Blvd 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11, N. J 

Johns-Manville, Box 14, New York 1¢ 
N. Y 

Johns- Manville Dutch 
7800 Woodlawn Ave 
Mica Insulator Co 
Mining and 


srers ory ” WwW 
Chicago 6. Ill 


Brand Product 
Chicago 19, Ill 
Sub. of Minne 
Manufacturing Co 

nectady 1 a 
Minnesota Mining & Mfg. Co 

Products Div., 900 Fauquier 

Paul 6, Minn 
Natvar Corp., 207 

bridge, N. J. 
New Jersey Wood 

trical Insulation 

N 


Randolph Ave W 
Finishing (Cx Elec 
Dept Woodbridge 


Owens-Corning Fiberglas Cory 
lison Ave New York 22. N 

Raybestos-Manhattan, Inc., Plasti 
ucts Div., Manheim, Pa 

Varflex Corp., 504 W. Court, Rome, N.Y 

Westinghouse Electric Corp Gateway 
Center, Bldg.. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Prod 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical Di 
The Singer Manufacturing Co., Son 
erville, N. J 

Eastern Air Devices, Inc., 383 
Ave Dover N. H 

son Electrie Mfg. Co., St 


Cent Ta 
Louis 2 
Rochester 2. N. Y 


Dayton 4, Ohio 
685 Lawrence, Low 


Fasco Industries, Inc., 

Globe Industries, Ine. 

Heinze Ele Co 
ell i 

Reveor, 251 Edward, Carpentersville, I 

Robbins & Myers, Inc Propeller Div 
Springfield, Ohio. 

Torrington Manufacturing C 
ton, Conn, 


Torring 


FASTENERS (Bolts and Nuts; Lock and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Serews; Recessed Head 
Serews; Rivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly 
D) 

Screw Thread 

Cold Headed and Rolled Threaded Pir 
Studs and Special Parts (F 

Cap Nuts (G) 

Spade Bolts (S) 

Welding Nuts (Clinch-on) (N 

Wing Nuts (W) 


Aluminum Co. of America, 2241 
Bldg Pittsburgh 19, Pa. (A 

Bristol Co Socket Screw Di 
bury 20, Conn (A) 

Burndy Corp., Omaton 
Conn 

Chase Brass & 
necott Copper Corp., 
ABCF) 

Cleveland Cap Screw Co 
Road, Cleveland 28, Ohio 

Continental Screw Co New edfor 
Mass (AB 

Elastic Stop Nut Corp. of America, Dept 
R47 -922 30 Vauxhall Rd Unior 
N. J (ACDEN) 

Eleo Tool and Screw Corp 
way, Rockford, [ll (ABF) 

Fastex Div. of Illinois Tool Works 
Algonquin Rd Des Plaines, Ill 

Gries Reproducer Corp 149 Beechw “x 
Awe., New Rochelle, N. Y. (GW) 

Harper Co H. M., 8204 Lehigh As 
Morton Grove. Ill. (ABC) $ 

Hassall, Inc., John, P, O. Box 222 West 
bury, L. I a: X. 4 ss 

Keystone Bolt & Nut Corp 1 Chur 
New York 7, N. Y. (AB 

MacLean-Fogg Lock Nut Cx 
Wolcott, Chicago 40, TM (C 

Milford Rivet & Machine ¢ 
Conn. (BF 

National Lock Co 

Palnut Co., Sub 
Corp., 66 Glen Rd 


Nuts (A 


Nuts 


Inserts (E) 


Div 


Copper Co. Sub 
Waterbury 20 


4444 


1800 Broad 


Rockford, Till. (A 

of United-Carr Fastener 

Mountainside, N.4J 
©) 

Yarker-Kalon Div 
Transportation Corp., 
ton N J AB) 

Prestole Corp 1303 
Ohio (D 

Russell, Burdsall & Ward Bolt and N 
Co., Port Chester. N. Y¥. (ABF) 

Shakeproof Div. of Tilinois Tool Work 
St. Charles Rd.. Elgin, Ill. (C) 

Standard Pressed Steel Co., Jenkintowr 
Pa. (AN) 

Sterling Bolt C¢ 363 W 
Tl, (ABF 

Thompson-Bremer & Co Sub Americ at 
Machine & Foundry ( 514 N. Dear 
born, Chicago 10, Tl (Cc 

Tinnerman Products, Inc., P. O 
Cleveland 1. Ohio (D 

United-Carr Fastener Corp.. 
42, Mass. (ACDE) 

Weneo Mfg. Co., 1136 W 
ago 22, Ti (8) 


Americar 
Clif- 


Genera 


Entin Rd 
Miami, Toled 


Erie, Chicag 


Rox 6688 
Cambridge 


Hubbard, Chi- 


Snap Assemblies. (Door Pane! 
Support and Mounting, etc 


Co., 210 E. 6th 


Lock and 
Shelf 
Dimco-Gray 
Ohio x 
Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 
Simmons Fastener Corp., 1752 N 
way, Albany 1, N. Y. 


Dayton 2 


Broad- 


Pins — Cotter (F); Locking 
(G) Spiral Coil (M) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 29 

Conn (Fr 


and Taper 


Dept 
Union 


Nut Corp. of America 
2330 Vauxhall Rd. 


blastic 
Rij - 
N. J 

Sterling Bolt Co., 
ill 


363 W. Erie, Chicage 


Pre-Assembled Washers and Screws 

Continental Screw Co., New Bedford, Mas 

National Lock Co., Rockford, Til 

Kussell, Burdsall & Ward Bolt & Nu 
Co., Port Chester, N. Y. 

Shakeproof Div. of Tlinois Teol Work 
St. Charles Rd Elgin, Ill 

Thompson-Bremer & Co., Sub. America: 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill 

United-Carr Fastener Corp 
i Ma 


Cambridg« 


Recessed Head Screws 

Bristol Co., Socket Screw Div 
20, Conn 

Central Screw Co., 
cago 9, Ill 

Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp., Waterbury 20, Conn 

Continental Screw Co., New Bedford 
Mass 

Eleo Tool & Screw Corp 

Harper Co.. H. M., 8204 
Morton Grove, Ill 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y 

Milford Rivet & Machine Co., Milford 
(conn 

National 

Parker-Kalon 
Transportation 
ton. N. J 

Russell, Burdsall & Ward Bolt and Nu 
Co.. Port Chester, N r . 

Shakeproof Div. of Illinois Works 
St. Charles Rd., Elgin, Til 

Standard Pressed Steel Co., Jenkintown 
Pa : 

Sterling 363 W 
Ill 

Thompson-Bremer & Co 
Machine & Foundry Co. 
born, Chicago 10, Tl 


Waterbur 


3501 Shields Ave., Chi 


Rockford, I! 
Lehigh Ave 


Rockford, Ill 
General 
Entin Rd., 


Lock Co 
Div 
Corp., 


Americar 
cif 


Tool 


Bolt Co., Erie, Chicagc 
Sub. Americar 
520 N. Dear 


Rivets 

\luminum Co. of America, 
Bldg., Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub. of Kenne 
ott Copper Corp., Waterbury 20, Conn 

Chicago Rivet & Machine Co., 9609 w 
Jackson Blvd., Bellwood Til 

Continental Screw Co., New 
Mass 

Deringer Metallurgical Corp., 8119 Monti 
ello Ave., Skokie, Tl : : 

Fastex Div. of Illinois Tool Works, 19 
Algonquin Rd., Des Plaines, Ml 

Reproducer Corp., 149 Beechwoo 
Ave New Rochelle, N. Y¥ 

Harper Co., H. M., 8204 Lehigh Ave 
Morton Grove, Til 

Hassall, Inc., John 
bury, L. I, N. ¥ 

Keystone Bolt & Nut 
New York 7, N. ¥ 

Milford Rivet & Machine Co 
(conn 

Russell, Burdsall & Ward Bolt and Nut 
Co.. Port Chester, N. Y¥ 

Zolt Co., 363 W. 


2241-K Alcoa 


Bedfor 


P.O. Box 2225, West 
Corp., 127 Churct 


Milford 


Erie, Chicag 


Sterlit 
Il 

T mson Mfg Co 
Waltham 54, Mass 


Judson L., Dept. D 


Screws—Cap and Set, Machine (H); Self 


Tapping (J) 
Allen Manufacturing Co 
Hartford Con 
Aluminum Ce America 
Pittsburgh 19, Pa 
‘o., Socket Screw Div 
n. (H 
& Copper Co., Sub 
Waterbury 20 


133 Sheldor 


2241-K Al 
Waterbury 


of Kenne 
Conn 


srass 
ott Copper Cort 
KL) 
ntinental 
Mass. (HJ 
Eleo Tool and Serew Corp 
way, Rockford, Ill (HJ) 
Harper Co H M 8204 
Morton Grove, Ill J 
Hassall, Inc John, P.O. Box 2225, West 
bury, L. I.. N. Y. (HJ) 
Keystone It & Nut Corp 127 
New York 7, N. Y¥ HJ 
Milford Rivet & Machine Co 
Cont (HJ 
National Lock Co 
Parker-Kalon Dis 
Transportation Corp 
ton, N. J. (HJ) 
Russell, Burdsall & Ward 
Co., Port Chester, N. ¥ 
Set Screw & Manufacturing Co 1} 
Main, Bartlett, Ill. (H) 
Shakeproof Div f Illinois Tool 
St. Charles Rd., Elgin, Il. (J) 
Standard Pressed Steel Co., Jenkintown 
Pa. (H 
Sterling Bolt Co 363 W 
10, Til. (HJ) 
United-Carr Fastener 
Mass. (HJ) 


New Bedford 


Screw (€< 


1800 Broa 


Lehigh Ave 


Churct 
Milford 


Rockford, Tl. (J) 
General America 
Entin Rd, Clif 


Bolt and Nut 


Work 


Erie, Chicag 


Corp., Cambridge 4 


Washers 


Associated 
(KL) 
Auburn Manufacturing (Co., 
Middletown, Conn 
Barnes Co., Wallace 
Spring Corp., Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp., 40300 Plymouth Rd., Ply 
mouth, Mich 

B-G-R Cook Plant Div., Assoctated Spring 
Corp., Ann Arbor, Mich. (KL) 

Chase Brass & Copper Co., Sub, of Kenne- 

tt Copper Corp., Waterbury 20, Conn. 


Flat (K) 
Spring Corp., 


Lock and Spring (L 
Bristol, Conn 
306-I Stack, 


Div. Associated 
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2800 HOURS 


4 HOURS 
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BH VINYL-SIL 


VINYL-GLASS SLEEVING 


FOR MAXIMUM 
FLEX-LIFE 


When flexibility in an insulation is a must sO is 
BH Vinyl-Sil. Formulated especially for high process- 
ing temperatures, hotter operation, and compatibility 
with wire enamel, BH Vinyl-Sil’s flexibility lasts 


check these figures. 


BH Viny!-Sil is a superior insulation for standard 
applications, too the regular 8,000 volt grade, or 
the Underwriters’ recognized Vinyl-Sil 105. Because 

115 HOURS ) 


180°C “flex-life” temperatures are important as a guide to 
ultimate life expectancy, maximum retention of this 


property is your best assurance of product quality. 


The dependability of all BH electrical insulations is 
the result of 35 years of pioneering in the production 


of flexible, high-temperature resistant sleevings. 


We'll be glad to help you with your insulation prob- 
lems and send appropriate samples just give us the 


facts 


232° Cc BENTLEY, HARRIS MANUFACTURING Co. 


1000 Barclay Street Telephone: TAylor 8-0634 


CONSHOHOCKEN 2, PA 


Specifications MIL-I]-3190B; MIL-I-18057A and NEMA VS 1 — 1957 


have recently been issued. We'll be glad to supply you with free copies 


BENTLEY, HARRIS 


Stenible 


SLEEVINGS 


Circle 402 on page 17 


BH Non-Fraying glass fiber sleevings are made by exclusive Bentley, 
Harris process (U.S. Pat. Nos.: 2393530; 2647296 and 2647299) 





WILBOW...a Reliable Source 
for Molded Rubber Products 


ind silicone rubbers send Jor 
it compounding them all New WILBOW Catalog 


producing, to your specifications and It wi 


Natural, syntheti 
WILBOW is expert 
ind 
tolerances, molded mechanical rubber parts in 
iny shape required. We work with compression, 
transfer and plunger molds to produce parts 
ithin various mold sizes ranging up to 10” thick 
by 44” square 


All molded parts produced at the WILBOW 
factory are carefully watched for quality during 
production ind are inspected before being 
shipped. Our technical staff is ready to serve 
you by recommending the proper compound for 
your part as well as the type of mold for the 
most economical means of production. Let us 


know your requirements 


The WILLIAMS-BOWMAN RUBBER Co. 


50 


1953 South 54th Avenue - Cicero 50, 


Ilinois 


uded and cut rubber qood 


yne rubber parts and 


Circle 403 on page 17 


AUTOMATIC 
CONTROLS 


ARE ENGINEERED TO 
GIVE YOU GREATER ACCURACY! 


Rely on field-proved ZENITH Controls 
for trouble-free, maintenance-free 
operation ... long-lasting performance 


and accuracy 


The ZENITH line includes: Magnetic iii 
Contactors; Remote Control Switches; 

Automatic Transfer 

Switches; Reset, In- 

terval, Process and 

Impulse Timers; 

Program Clocks... 


and special units to MULTI-CIRCUIT 


PROCESS TIMER 


TIMER 


order. 


Write Today for Latest ZENITH Bulletin 


See classified telephone directory for name of local distributor 


152 WEST WALTON STREET e CHICAGO 10, ILLINOIS 


404 Circle 404 on page 17 


‘ontinental 
Mass. (KL) 
smo Plastics Co 
Ohio (K 
Bros. Co., Div. Ass¢ 

p., Bristol, Conn 

Radio & Mica Corp 
rooklyn, N. Y. (K Mica 
t George K 
Philadelpt 


Screw ( 


am D Div 
800 Clybourr 
KI 
M 
Il 


Daytor 
Sub. o nited 
Glen Rd Mc 
L) 
Raymond Mfg. C« Div 
orry, Pa. (KL 
& War 


Machine ar 

born, Chicag 
United-Carr Fa 

Mass. (I 


FELT 

Continental Felt Co Ir 
15th, New York 11, N. ¥ 

Western Felt Works, 402 
Ave., Chicago 2 Il 


FIBRE, PHENOLIC. See P 
ir 


Laminating 
( pounds 


FIBRE, VULCANIZED 
Rod, Tubing) 
al-Diamond Fibre, A 8 
i« Newark 13, Del 
Manufacturers Cort 
ton Blvd., Chicago + I 
ed Fibre ¢ 


(Board, 


Co In 


s Fibre W 

Mich 
Norristow Pa 

nia Pulp and Paper Ce 


New York 17, N. Y 


FILTER ELEMENTS, POWDERED 
METAL 
Amplex Di (hrysier 
Mich 
Radio Cores, Ir 
Lawn, I 


FILTERS, RADIO 

\Yerovox Corp., New Bedford, Mass. 

Audio Development Co., 2836 13th Ave., 
Minneapolis Minn 

Cornell-Dubilier Electri Corp 
Plainfield, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y, 

Mali & Ine P. R., Ind 
6. Ind 

Sprague Electric Co., 307 

Mass 

itschmann Corp., Norwood, Mass 
nsformer Co., 150 Varick, New 
N. ¥ 


South 


anapolis 


Marshal North 


FINISHES, PRODUCT See 
Enamels, Paints and Varnishe 
ing. 


Lacquers, 
Finish 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compensa- 
tors, Control! Units, Starters and Trans- 
formers. For Resistors, see Resistors 
Instrument and Radio; also Capacitors 


Alcor Manufacturing Co., 4444 W. Roose- 
velt Road, Chicago 24, Ill 
Aerovox Corp., New Bedford, Mass 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 
Chicago Standard Transformer Corp., 3501 
Addison, Chicago 13, Nl 
Circle F Mfg. Co., Trenton 4, N. J 
General Electric Co., Construction Mate- 
Div Bridgeport 2, Conn 
4633 W. 16th, Chicago 
Sprague Electric Co., 307 
Adams, Mass 
Sylvania Electric Products Inc., 1740 
madway, New York 19, N. Y. 
Ww inghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Marshall, North 


FOILS, WIRE MARKING 


Kingsley Machine Co., 850 
Cahuenga Hollywood 38, Calif. 


Stamping 
Blvd., 


FOOT SWITCHES. See Switches 
FORGINGS 


American Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Sub. of Kenne- 
ott Copper Corp., Waterbury 20, Conn 


Philadelphia Bronze & Brass Corp mt 
f P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa 

Revere Copper and Brass, Inc 230 Park 
Ave New York 17, N. Y Non-ferrous 
' & Son, Inc Joseph T cr 

ll 


FREQUENCY METERS. See Instruments 
FUSE HOLDERS, MOUNTINGS 
CLIPS 
Burnd 
Conn : 
Bussmann Mfg. Div McGraw-Edi 
St. Louis 7, Me 5 
Holub Industries, Inc 445 


Corp Omaton Div N 


Elm, Sy 


ustries ne 1008 Park 
Ill 

Dept. F-10 
27, O 
Howard B., ¢ h Mfg 
i, I 


730 Madisor 


McGraw- Edi 


Apparatu 


GAGES, TEMPERATURE, 
and VACUUM 


Nutomatic Timing & Cont 
of Safety Industries 
Prussia 6, Pa 
Bristol Cc Waterbury 2 
Edi Industrie Instr 
Div Mc-Graw-Edisor Co W 
Orange, N. J 
Servomechanisms Inc Mechatrol Div 
Brooklyn, Westbur LI ee 
Weston Electrical Instrument Corp 
Sub. of Daystrom, In 614 Fre 
huysen Ave Newark N. J 
Wheel Instruments Div Barber-(¢ 
‘ 1403 Rock, Rockford, Ill 


PRESSURE 


GALVANOMETERS. See 


Instrument 


GASKETS 
Armstrong Cork Co 7009 Ingersol 
r, Pa, (Cork and Rubber 
5s) 
Auburn Manufacturing Co., 
Middletown, Conn 
Chase Brass & Copper ¢ 
tt Copper Corp., Waterb 
rane Packing Co., 6424 Oakton 
Grove, Ill 
t Te Corp South Hach 
Goshen Rubber ( 
ioshen, Ind 
Johns-Manvi 
Y 
Varker Appliar 
Cleveland 12, 0 
Raybestos-Manhattar Inc 
t Manheim, Pa 


1860 S 


States Gasket ¢ 
» Garlock Packing Co. 


Felt Works 4035 
Ave., Chicago iil 


GEARMOTORS. See Motors 


GEARS and PINIONS 


American Stock Gear Div Perfe 
Gear Co., Harvey, Il 

Amplex Div Chrysler Corp., 
Mict 


Detroit 


se jear Works, Ir 1035 Parmele 
Rockford, Il 
Bowmar Instrument Corp 2415 Penr 
inia Ave Ft. Wayne, Ind 
Continental-Diamond Fibre, A Sub. of The 
Budd (« Newark 13, Del 
Fastex Div. of Illinois Tool Works, 19 
Algonquin Rd., Des Plaines, Ill 
Specialties Inc., 2635 W Me 
Ave Chicago 47, Ill 
Gries Reproducer Corp 149 Beechwood 
Ave., New Rochelle, N. Y 
Merkle-Korff Gear Co., 211 N. Morgar 
Chicago 7, I 
Radio Cores, Inc 9540 Tulley Ave., Oak 
Lawn, Til 
Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Il 
United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich 
Westinghouse Electric Corp Gatew 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 
Winzeler Manufacturing & Tool (* 7 
W. Wilson Ave., Chicago 31, I 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 


Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 

General Electric Co Apparatus Sales 
Div Schenectady 5, N. Y 

General Electri Co 
Electronics Park, Syracuse 1, N. Y 

Howard Industries Ine 1700 tate 
Racine, Wis 


Electronics Div 


ELECTRICAL MANUFACTURING 





Another Application 


for FERRAMICS*” 


aieie 


Section of typical memory plane 
enlarged approximately 3 times. 


Ferramic® Cores help IBM Sage Computer 
Perform Amazing Feats of Memory 


General Ceramics Magnetic Memory Cores play 
an important role in the reliable functioning of the 
Sage Computer. G-C engineers developed rectan- 
gular hysteresis loop ferrites and worked closely 
with Lincoln Laboratories at MIT and IBM to 
perfect toroids with the required magnetic proper- 
ties for this vital defense system. 


These dependable components provide increased 
speed and accuracy for computers and automatic 
controls. General Ceramics cores and completely 
assembled memory planes are available for auto- 


mation systems. For complete information write 


today to General Ceramics Corporation, Keasbey, 


New Jersey— Dept. ME 


GENERAL CERAMICS 


Industrial Ceramics for Industrial Progress. 


MAGNETIC MEMORY 
FERRAMIC CORES 


CORES AND PLANES 


OCTOBER 1957 


PRECISION STEATITES 


.. Since 1906 


A A “ 
is 4! 


“*“ADVAC’’ HIGH 
TEMPERATURE SEALS 


Circle 405 on page 17 


SOLDERSEAL TERMINALS 


405 





Mt aaa Ly LLL 
assures Maximum Stability in 


AMPERITE 


RELAYS and REGULATORS 


TT Samm @ amen Cita Sed ty tte) 


Thermostatic 


DELAY RELAYS 


2 to 180 Seconds 


@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


Hermetically sealed Not at- 
fected by altitude, moisture, 
or other climate changes. 


Circuits’ SPST only — nor 
mally open or normally 
closed. 


Amperite Thermostatic Delay 
Relays are compensated for 
ambient temperature changes 
from —55° to +70°C. Heaters 
consume approximately 2 W. and may be 
operated continuously. The units are most 
compact, rugged, explosion-proof, long- 
lived, and — very inexpensive! 

TYPES: Standard Radio Octal, and 9-Pin 
Miniature. 


Also — Amperite Differential Relays: Used for auto- 
matic overload, under-voltage or under-current protection. 


MINIATURE 


STANDARD 


PROBLEM? Send for 
Bulletin No. TR-81 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the current in a circult 

evtomatically regulated at a definite value (for example, 0.5 amp.) 

. For currents of 60 ma. to 5 amps. Operate on A.C. D.C.. Pul- 
sating Current. 


Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° to 
+90° C.), or humidity. Rugged, 
light, compact, most inexpensive 


F24Vv ‘WITH AMPERITE 
BATTERY & CHARGER LTAGE VARIES 
VARIES APPROX 


30% 


Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


In Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10. Ontar: 


BATTERY VOLTAGE 


Individual inspection 
and double-checking 
assures top quality 

of Amperite products 


Circle 406 on page 17 


GERMANIUM DIODES See Rectitier 
Semiconductor; Transistors and Crystal 
Diodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating 


GLASS, TECHNICAL 

Corning Glass Works, Technical Products 
Div., Corning, N. ¥ : 

Croname, Inc., 1769 Grace, Chicago 13, I! 

Hermaseal Co., 1010 Main, Elkhart, Ind 
(Tubes) 

Kopp Glass, Inc Swissvale, Pa 

Lancaster Glass Co., 220 W. Main, Lar 
caster, Ohio 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works 31 New Je 
Railroad Ave Newark N. J 

Baker & Co Inc 113 Astor, Newark 
N. J 

General Plate Div 
Corp., 1910 Forest 

Handy & Harman, 82 Fulton, New 
38. N. Y 

Ney Co., J. M., P. O. Box 990, Hartford 
1, Conn 

Wilson Co., H. A 


Metals & Contrgls 
Attleboro, Mar 
York 


Route 22, Union, N. J 


i Graphite 


GRAPHITE. See Carbon a 


GREASE, BEARING 


Dow Corning Corp., Midland, Mict 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 

Fastex Div. of Illinois Tool Works, 19 
Algonquin Rd Des Plaines, Ul. 

Heyman Mfg. Co., Kenilworth 1, N. J 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ill 

Walker Co., George, 118 Amsterdam Ave 
Passaic, N. J 

Weckesser Co 5701 Northwest Highway 
Chicago 30, Ill 


GYROS 
Kearfott Cc Ir 1378 Main Ave 
ton, N. J 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill ; 

Belden Mfg. Co., 4633 W. Var surer 
Chicago 44, Ill 

Brand & Co., Inc., 
1, Conn. 

Cornish Wire Co.. 50 Chureh, New York 
Fe Se 

Drake Manufacturing Co., 1711 W. Hut 
bard, Chicago 22, Il 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conr 

Phalo Plastics Corp., Commercial & I 
Worcester 8, Mass 

Switchcraft, Inc., 1328 N 
cago 22, Ill = 

Wire Stripper Co 1729 Eastha 
East Cleveland 12, Ohio 


William, Willimanti 


Halsted 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp 
Van Buren, Chicago 11, Ill 
Stromberg-Carlson, A Div. of Gene 
Dynamics Corp 117 Carlsor 
Rochester 3, N. Y 


HEATING ELEMENTS and UNITS 
Anderson Controls, Inc., 2777 Mar 
Rd., Des Plaines, Ill 

Cutler-Hammer, Inc., 1264 St. Paul 
Milwaukee 1, Wis 

Driver Co Wilbur 5 1875 MecCa 
Highway, Newark 4, N. J 

General Electric C¢ Apparatus Sale 
Div., Schenectady 5, N. ¥ 

Still-Man Manufacturing Corp., 429-< 
164th, New York 56, N. ¥ 

Syntron Co. 490 Lexington Ave., Home 
City, Pa 

Vulean Electric Co., Danvers 2 

Watlow Electric Mfg. Co., 136 
Ave., St. Louis 14. Mo 

Westinghouse Electri Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wiegand Co Edwin I 7530 Thome 
Bivd., Pittsburgh 8, Pa 


Mas 
Fer 


HEAT LIMITERS 


Bussmann Mfg. Div 
St. Louis 7, Mo 


McGraw- Edi 


HERMETIC SEALS. See Seals ar 


minals, Hermetic 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N 

Radio Receptor Co In Semiconductor 
Div 240 Wythe Ave srooklyn 11 
N. ¥ 

Westinghouse Electri Corp Gateway 
Center Bldg ° 401 Liberty Ave 
Pittsburgh 22, Pa 

HIGH NICKEL ALLOYS. See Nick 
Nickel Alloys 


HOLDERS, COMMUTATOR BRUSH 
Midwe Molding & Mfg. Co., 
I} 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J Glass-Bonded Mica 
Phoenix Electric Mfg. ¢ 4211 W. Lake 

Chi 1 I 


Gurnee 


IMMERSION HEATER UNITS. Sce Heat 
ing Elements and Units. 


IMPACT EXTRUSIONS, ALUMINUM 


Hunter-Douglas Aluminum Corp Dept 
EM-10, Riverside, Calif. 


IMPREGNATING COMPOUNDS. See Ce 
ment, Insulating and Sealing; Waxes and 
Compounds 


INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. See Tachometer: 


INDUCTION HEATING. See High-Fr 
quency Heating Units. 


INFRA-RED LAMPS. See Lamps, Inca 


lescent and Infra-red. 


INSTRUMENTS, ELECTRICAL MEAS 
URING AND TESTING 


Aerovox Corp., New Bedford, Mass 
Assembly Products, Inc., Chesterland 
Ohio 

Associated Research, Inc., 3794 Belmor 
Chicago 18, Il 

Automatic Timing & Controls, Inc Sut 
of Safety Industries, Inc King of 
Prussia 6, Pa 

Bristol Co., Waterbury 20, Cenr 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y. 

Daven Co., 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

Electro Products Laboratories, Inc 4501 
N. Ravenswood Ave., Chicago 40, II! 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrap! 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y¥ 

Helipot Corp Div. of Beckman Instr 
ments, Inc P. O. Box 458, Newpor 
Beach, Calif 

Holub Industries, Inc., 
Ill 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill 

Industrial Instruments, Inc., 89 Commerce 
Rd., Cedar Grove, Essex County, N 
Industrial Test Equipment Co., 55 E. litt 
New York 3, N i 

Moseley Co., F. L., 400 N. Fair Oaks 
Ave Pasadena, Calif 
National Pneumatic Co., Inc 
Cabot Div 125 
Mass 

Precision Apparatus Co., In 70-3 
Glendale 27, L. L, N.Y 

Radio Corp. of America, Dept. 0 
15-1, Camden, N. J 

Sensitive Research Instrument Corp 
Main. New Rochelle, N. Y 

Simpson Electric Co., 5200 W 
Chicago 44, Il 

Texas ruments Incorporated, 6000 Lem 
mon 2 Dallas 9, Texas 

Triplett Electrical Instrument (<« Bluff 
ton, Ohio 

Westinghouse Electric Corp Gatewa 
Center Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A’ sut 
of Daystrom, In 614 Frelinghuyser 
Ave.. Newark 5, N. J 

Wheelco Instrument Div., Barber-Colma 
Co., 1403 Rock, Rockford, Tl! 


445 Elm, Sycamor: 


Holtzer 
Amory Bostor 


Kinzie 


INSTRUMENTS, ELECTRONIC. See a 
Oscilloscopes; Recorders, Oscillographir 
Recorders, Magnetic 


Automatic Timing & Controls, Ir Sut 
of Safety Industries, Inc Kir of 
Prussia 6, Pa 

Berkeley Div. of Beckman Instrument 
Inc 2200 Wright Ave, Richmond 
Calif 

Bristol Ce Waterbury 20, Conr 

Brush Electronics Co Div of Cle 
Corp 405 Perkins Ave., Cleveland 
Ohio 

Burroughs Corp 
Div Dept. F 
7. Pa 

D & R Ltd., 406 E. Gutierrez, P. 0. Box 
1500, Santa Barbara, Calif 

Daven Co 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

DuMont Laboratories Inc., Allen B 
Bloomfield Ave, Clifton N. J 

Federal Telephone and Radio Co., Di 
International Telephone and Telegrap! 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Di 
Schenectady 5. N. Y. 

Industrial Test Equipment Co., 55 E. 1 
New York 3. N. Y 

808 Western Ave., Gle 


Electronic Instrument 
1209 Vine, Philadelphi 


Librascope, Inc 
jale 1, Calif 

Magneti Amplifiers Ine., 632 Tint 
Ave., New York 55, N. ¥ 

Radio Corp. of America, Dept. 0-44, Bld 
15-1, Camden, N. J 

Sanborn Co., Industrial Div., 175 Wymar 
Waltham 54, Mass 

Simpson Electric Co. 5200 W Kinzie 
Chicago 44, Til 

Triplett Electrical Instrument Co., Bluff 
ton, Ohio 

Weston Electrical Instrument Corp 
sub. of Daystrom, Inc 614 Frelingt 
sen Ave., Newark 5, N. J 


INSTRUMENTS, 
STANDARD 


Automatic Timing & Controls, Inc Sut 
of Safety Industries, Inc King 
Prussia 6, Pa 

Bristol Co.. Waterbury 20, Conr 

Clarostat Mfg. Co., Inc., Dover, N. H 

Electro Products Laboratories, Inc 450 
N. Ravenswood Ave., Chicago 40, I 

General Electric Co Apparatu Sale 
Diy Schenectady 5, N. Y 

Moseley Ce F. L.. 409 N. Fair Oak 
Ave Pasadena, Calif 

Radio Frequency Laboratori« Inc Boor 
! N J 


LABORATORY 


FLECTRICAL MANUFACTURING 
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No “Shorts” or “Opens” in these 
Zanderoli Processed Howard Universal 
and D.C. Fractional H.P. Motors 


laminations are varnished. The first varnish coat 


is thoroughly baked before application of the 
second, insuring a deep, even bond. This enables 

h.. an armature to be mounted to close tolerances 
with the field. 


: Howard modern production methods include 
One of many advanced production methods at automatic slot cell insertion, which practically 


Howard, the Zanderoll process provides armatures _ eliminates “grounds”; improved brush-holder con- 
with deep, uniform varnish penetration for high struction for accurate alignment and longer life; 
bond strength and rock hard coils, thus reducing to —2-stage, 3-plane dynamic balancing; and automatic 


an absolute minimum, “flying shorts” and “opens”. —_ high tension winding for tough compen coils. 
Here’s how the Zanderoll process works to Check with Hot 


insure steady performance in Howard motors: jects require Universa 
Tightly wound armatures are automatically rotated tional H.P. motors. W 
through a series of two varnish dips and two file Howard vell 
baking ovens—mounted so that only the coils and that best meets } 


vard t current pro- 


_ | UNIVERSAL & D.C. 1/200 to 1/2 hp. » SHADED POLE 1/2000 to 1/8 hp. 
Other Howard motors: / iouctioN 1/1400 to 1/8 h.p. + SERVO MOTORS + GEAR MOTORS + BLOWERS 


HOWARD INDUSTRIES, INC., 1720 STATE ST., RACINE, WIS., TELETYPE: RAC 344 


/ 2085S. Lo Salle St., Chicago 4 Representatives in 
/ req Av ee ae Principal Cities 
Sales Offices / 942 S. La Brea Ave., Los Angele Sig 5: Consult Your 
| Room 4822, Empire State Bldg., New York]  Cjassitied 


300 Broadway, Camden, New Jersey Phone Book 


DIVISIONS: (Er evectRIc MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 


Circle 408 on page 17 


a 


4? 
f 


ite 


Staggered 
Starting of 
electric 
motors... 


AGASTAT 


Time / Delay / Relay 


AGASTAT allows vou to stagger the starting of three motors 
without imposing their load on the lin« 


at the same time. 


The AGASTAT is ® electrically actuated, pneumatically timed 


® light, versatile, dependable. 


® instantaneous recycling. 


® adjustable in timing from 0.1 second to more than 


10 minutes. 


available in AC or DC models which offer delays 
on energizing and de-energizing, manually-actuated 
time delay switch, remote push button control, her- 


metically-sealed units 


Write our application engineers for help with 
your timing problem. Address Dept. A25-1021 


Elastic Stop Nut Corporation 
of America 


ny 


DIVISION 


1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


Circle 409 on page 17 


H Dept. EM-9 
Cambridge, Mass 
rch Instrument orp New 


” 


Corp Gateway 
Liberty Ave 


Corp \ 

Frelinghuy 

Whee lc 1 
‘ 103 Rock 
MATERIALS. 


t Div Sarber-Colmar 
Rockford, Il 


See follo 


INSULATING 


Cable 
Laminated 


Laminating, Cast 
ompounds 
Rods and 
Rubber Products 


Asbestos 
Synthetic Resi 
Splice 

Braided 
Extruded 


Tape 
Sheeting 
tion and 

Sleeving Fabri 
a Sleeving Plasti 
Paper 
Compounds Resins, Ir 


W axe and Compou 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 

| Americar Lava 
1 en 
Dow ¢ 


Corp., Chattan 


200 


07 Marshall, No 


Soldering 


IRONS, SOLDERING 
Equipment 


ISOLATORS, VIBRATION and SHOCK 


See Mountir Kubber and Syntheti 


LIGHT ASSEMBLIES See 


Pilot and Indicator 


JEWEL 
Light 
KNOBS, CAPS and HANDLES 


Dir a 210 =#F 6th Daytor 
) S. Broadway, D 
Ww Mair 


Gurnee “ 


s k 


LACQUERS. ENAMELS, PAINTS 

VARNISHES, FINISHING 
Allie Research Prod I 4004-0 
ent, Ba 


Re 
Nemours 
Finishes Dey 
rwin-Williat 
Di Cleveland 
LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 


taker & Cx In 113 Astor, Newark 


0 Washi 


LAMINATED PLASTICS. See 


LAMINATIONS. MOTOR and 
TRANSFORMER 

Magneti Metals Co Hayes 
Ist, Camden 1, N T 

M t In Box 

I 1 & Skinner Ir 
Indianape 7, Ind 


LAMPS, FLUORESCENT 
General I t cx Nel 
», O 


a Park 


t house rlectric ( 


401 Libert; 


LAMPS, INCANDESCENT and 
INFRA-RED 


eral Electric Co. 
Oni 


Nela Park, Cleveland 


Electric Corp 


401 


Gateway 
Liberty Ave 
a 


LAMPS, MERCURY VAPOR 
Ger ectr Nela Park, Cleveland 


Westingh 


Cente 


Corp 
401 Liberty 


Gateway 
Ave 


LAMPS, MINIATURE (Pilot and Indi- 


cator) 

General Electri 
Dept., Nela Park 
Westinghouse Elec 
Center, Bldg. N 
Pittsburgh 30, Pa 


Miniature Lamp 
and Ohio 
Corp Gateway 


101 Liberty Ave 


Co 
Cleve 
tric 


LAVA. 


LAYOUT FLUID 


Dykem 
Me 


See Ceramics 


LENSES, PRESSED GLASS 
Corning ¢ Works, Tec 
Di ing, N. Y¥ 
Kopp Gla Swissvale, Pa 
Lancaster Cory 220 

Lancaste 


hnice 


LIGHTING FIXTURES 


Killark Electric Manufacturing (« 
jeventer Easton Aves., St. Louis 
M 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric C« 103 
Hawthorne, Hartford 6, Conr 
Cannon’ Electric co Dept. 00 
Humboldt, Los Angeles 31, Calif 
Crouse-Hinds C« Syracuse 1, N 
Dialight Corp 44 Stewart Ave Brooklyr 
37 ¥ 
Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Ill 
General Electri Co 
Dept Nela Park 
Hart Manufacturing 
Ave Hartford 1 
Hetheringtor Inc 
Sharon Hill Pi 
Johnson Cc 
s.W Wa 
Pass &« 
Syracuse 
Pyle- Nationa 
Chicag 
Square D Co 
waukee 12, W 


LOCKNUTS and LOCK WASHERS 


See Fastener 


3209 


Miniature Lamp 
Cleveland 1 Oni« 
Co., 211 Bartholomew 
Conn 


1200 Elmwood 


Seyn 
N. Ke 


4041 N Richards 


LUBRICANTS 


Fluidwick ¢ 19 East 
troit 4 i 

Shell Oil ¢ Ww 
xu. 


Outer Dr., De 


0th, New York 20 


LUBRICATORS. OIL and GREASE 


Fluidwick C« 319 Kast Dr 
troit 34, Mich 

Gits Br Mfg. Ce 
Ave Chicago 2 Il 

Madison-Kipp Corp., 201 
son 4, Wi 


Outer De 


1846 S. Kilbourn 


Waubesa, Madi 


LUGS and TERMINALS 


AMI?’ Incorp 2100 Paxtor 
burg 
American Brass C¢ Waterbury 20 
Buchana Electrical Products 
Route 2 Hillside, N. J 
Burndy Cort Omaton Div 
Conn 
Cambridge rmio Corp 3 
Ave amt Mas 
Hart Manufactur a 211 
Ave Hartford Conn 
Heyman Mfg. Co., Kenilwortt J 
Dept F-8 Madison 
nati 27, Ohic 
Fr 1331 econd 
ca, Minr 
Howard B., Cinct 
o 24. Il 
& Hudepohl 
i, Ot 
nd Manufacturing ( 
24, Til 
America 


rated Harris 
Conn 
Corp 225 


Norwalk, 
‘oncord 


lomew 


Corp 


104 


Cin 
4021 


calex Clifton Blvd 

Penn-Union 

Rajah 
N 

Seal ( 

roneck 

Shakeproof Di . Works 
St. Charles l 

Manufact 

Creek, M 


Corp 
Verona Ave 


Erie, Pa 
Newark 4 


Mama 


Shermar 


mr 
ahi 
wr ‘ 


Tho 
M 
he 


MACHINES. Sex 


Salancing Coi Winding 
Plast ic Print Rivet Setti 
Peggir Armature Strippers 
Vibration Test 


head 


MAGNETIC AMPLIFIERS 
Airpax Products Co Fort La 
Fla 
Berkeley Di of 
Inc 
Calif 
Control, Box sutler, Pa 
Eseco Works Delta-Star Div H K 
Porter ¢ Inc Lockport, Til 
General Electri Co Apparatus 
Div Schenectady N. ¥ 
Kearfott ( Inc 1378 
Clifton, N, J 
Magnetic Amplifiers Inc 632 
Ave New York 55, N. Y 
Vickers Electric Div Vickers 
Locust, 8 Louis Mo 
Westinghe Electric c 
Center 491 
Pittsburgh 


Beckman Instrumer 
Wright Ave Richmo 


Sales 


Maim Ave 


Ine., 1803 


Gateway 
Ave. 


use rp 


Liberty 


MAGNETIC BRAKES. 


netic 


See Brakes, Mag 
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Why designers specify FLEXLOC self-locking nuts 


Where products must be tough . . . must stand up under repeated removal and replacement, frequent adjustments will 
vibration, shock and abuse . . . designers specify rugged, not affect their locking life. 
reliable, precision-built FLEXLoc self-locking nuts as fasteners. e . .; % 

Standard FLex.oc self-locking locknuts are available in a 


HERE’S WHY: wide range of standard sizes and materials, to meet the most 
FLextoc locknuts are strong: tensile strengths far exceed critical locknut requirements. Your authorized industrial 


accepted standards. They are uniform: carefully manufac- distributor stocks them, Write us for complete catalog and 
tured to assure accurate, lasting spring tension in the flexible technical data. Flexloc Locknut Division, STANDARD 
locking collars. And they are reusable: rough screw threads, PRESSED STEEL Co., Jenkintown 9, Pa. 


We also manufacture precision titanium fasteners. Write for free booklet. STANDARD PRESSED STEEL CO. 


FLEXLOE ocknut pivision 


JENKINTOWN PENNSYLVANIA 
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and 
built-in 
resistor 


for Neon lamp 
...@ patented 
DIALCO feature 


...two of many special features obtainable in 


PILOT LIGHTS 


The DIALCO series of Pilot Lights, exemplified by the 
unit shown above, is designed to house the NE-51 Neon 
Glow Lamp, and for direct use on 125 volt to 250 volt 
circuits. Since Neon lamps require a current limiting 
(ballast) resistor, the necessary resistor is 

“built-in’’— an integral part of the lamp socket. 

The resistor itself is completely insulated 

in moulded bakelite and sealed in metal (U.S. Pat. 

No. 2,421,321) ... Small space is required—units are 
available for mounting in 9/16” or 11/16” clearance holes. 


A wide choice of optional features includes metal finishes, 
terminal types, lens shapes and colors, etc. Meet Military 
(MIL Spec) and Civilian (UL and CSA) requirements. 


All Assemblies Are Available Complete with Lamp. 


eee — ALSO Re ee ee 


SUB-MINIATURE | OIL-TIGHT 


Pilo 

For use With tiny 

Incandescent bulbs 

(T-1% . . . Many 

units available for use 

with sub-miniature Neon bulbs 
/(NE-2D). Two-Terminal units are 
fully insulated. Single-Terminal 
units are for use on grounded 
circuits. Also Dimming and Non- 
Dimming sub-miniatures. Meet all 
applicable Military Specifications. 


ights ! 


Indicator Lights 


For heavy-duty industrial applications. 
Impervious to 

oil, water, and 

dust. Rugged— 

withstands 

shock and vibra- 

tion. Complete 

series for 11/16”, 1”, 

and 1-3/16” mounting. Use 
incandescent lamps and — with 


patented built-in resistor— Neon lamps. 


SAMPLES ON REQUEST — AT ONCE —NO CHARGE 


Foremost Manufacturer of Pilot Lights 


DIALIGHT 


CORPORATION 


44 STEWART AVE., BROOKLYN 37, N.Y. @ 


HYacinth 7-7600 


' 
| DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N.Y 


| Send brochures on Pilot Lights 


| Name 


Company 


(_) Sub-Miniatures | 
Oil-Tight 


for NE-51 
Neon lamp 


Position 


Circle 411 on page 17 


MOTORS 


Miniature Timing Motors, Geared | 


Subfractional, Under 1/20 Hp 


Fractional, 1/20, %4 Hp. 
Integral, 1 to 744 Hp. 
Integral, Over 74% Hp 


Gearmotors 


Generators 


Low Voltages (Under 110 


Allis-Chalmers, Milwaukee 1, Wi KL 
NOQRUVYZ 

Allis Co., The Louis 
(KLNOQRUVYZ) 
Zaldor Electric Co., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co. Dept. V, 
Rockford, Tl. (BCEY’) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
eago 12. Til. (ABCDEFGHJORTYZ&) 

Borg Equipment Div George Borg 
Corp., Janesville, Wis. (BCDE) 

Bristol Motor Div.. Voraline Co. of Amer 
fea, Ine 108 Coulter, Old Saybrook 
Conn. (A) 

Century Electric Co., 1806 Pine. St 

Mo. (FGKLNOPQRIVWYZ) 

Controls, Corp. of America, 9551 
Ave., Schiller Park. Ill. (F) 

Cramer Controls Corp Box 8 
brook. Conn. (A) 

Diehl_ Manufacturing Co.. Electrical Div 
of The Singer Manufacturing Co.. Som 
erville. N. J. (BCFHKNV) (Servo) 

Doerr Electric Corp. "10 N. 4th Ave 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc 
Ave Dover, N H 
(Servo) 

Eaton Mfg. Co Dynamatic 
Fourteenth, Kenosha, Wis. 

Eclipse-Pioneer Div.. Bendix Aviation 
Corp., Teterboro, N. J. (Servo) 

Electra Motors. Inc., 1110 N. Lemon Rd 
Anaheim. Calif 

Electric Specialty Co.. 991 South Stam 
ford, Conn. (FGIKLMNOPUVWYZ) 

Emerson Flertrie Mfg. Co., St. Louis 21 
Mo. (FGIKLMQR) 

Faseo Trdvetetoe Ine 
RCDFGHYZ&) 

General Flectric Co Apparatus 
Div. Sehenectady 5. N. Y 
(BCDEFGHIKLMNOPQRST!VWYZ& 

General Trdustries Co., Dept. GL, Elyria 
Ohio (BQY7) 

Glohe Industries. Ine 
(BC) 

Havdon ( A. W.. 934 N 
bury 20. Conn. (CXZ) 
Haydon Mfg. Co., Ine., 2534 
rington. Conn. (ARCXY7Z) 
Heinze Electric Co., 685 Lawrence 

Mass. (BCDFZ) 

Helipot Corp Div. of Beckman 
ments, Inc.. P .O. Box 458 
Beach, Calif 


Milwaukee 7, Wi 
4353 Duncan Ave., 


1203 Rock 


Louis 
Soreng 


Center- 


383 Central 
(ABEFIQTT) 


iv 
(FKN) 


3307 


, Rochester 2, N. Y¥ 


Sales 


Dayton 4. Ohio 


Elm, Water 


Elm. Tor 
Lowell 


Instru 
Newport 


MAGNETIC MATERIALS. See Steel Ele 
trical; Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products 


MAGNETIC RECORDER COMPONENTS 
Driver Co., Wilbur B 1875 MeCarter 
Highway, Newark 4, N. J 
Minnesota Mining & Mfg. Co 
Products Div., 900 Fauquier 
Paul 6, Minn. (Tape) 
Stromberg-Carlson, A 
Dynamics Corp 117 
Rochester 3, N. Y. 


MAGNETIC RECORDERS 


Ampex Corp.. Instrumentation Dir 
C-5, 934 Charter, Redwood City 


Flectrical 
Ave., St 


Div. of General 
Carlsor Ra 


Dept 
Calif 


and DEMAGNETIZERS 
Laboratories, In Boon 


MAGNETIZERS 


Radio Frequency 
ton, N. J 


MAGNETS, PERMANENT 


Arnold Engineering Co 
Crucible Steel Co. 
Commerce Bldg 
General Electric Co 
ucts Dept.. 11131 E 
troit 32. Mich 
Indiana Steel 
Ind 
Themas & 
Indianapolis 7, 


Mareng Ill 
of America, Chamber of 
Pittshurch 19 Pa 

Metallurgical Prod 
8 Mile Ave... De 
Products Co Valpariso 
Skinner Inc 
Ind. 


1114 FE. 23rd 


MAGNET WIRE. See Wire 


MARKERS, IDENTIFICATION 
Brand & Ce., Inc., William, Willi 
1, Conn 
National Band 
Newport, Ky 
Natvar Corp 907 
bridge. N. J 
Park Nameplate Co In 
Pl.. Flushing 54, N. Y¥ 


MARKING MACHINES and DEVICES 
(For marking Wire, Foil, Plates, etc) 
Kingsley Stamping Machine Co., 850 
Cahuenga Blvd Hollywood 38, Calif 


MATERIALS HANDLING EQUIPMENT 
Continental-Diamond Fibre A Sub. of 
The Budd Co Newark 12 Del 
National Vulcanized Fibre (« Wilmin 
n 99. Del 


Magnet 


& Tag Co.. Dept 


Randolph Ave 


Qo 0 


w 


Ni<S¢/7 0% 


Holtzer-Cabot Motor Div., 
matic Co. Inc 125 
Mass 


National Pneu 
Amory, Boston 19 
(ABCEFGHQUVYZ) 

Howard Industries Inc., 1760 State 
Racine. Wis. (ABCDEFGHQRTUVYZ) 

Howell Electric Motors Co., Howell, Mich 
(FGKLMNOPQRT) 

Jack & Heintz, Inc., 17620 Broadway 
Cleveland 1, Ohio (FK) 

Janette Electric Mfg. Co., Morton Grove 
Ill. (FGKLQRUYV) 

Kearfott Co., Inc., 1378 Main Ave., Clif 
ton, N. J. (Servo) (UY) 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHIQRSZ) 

Marathon Electric Mfg. Corp.. Cherry & 
Randolph, Wausau, Wis. (FGKLNOUV 

Master Electric Co. Dayton 1, Ohio 
(FGIKLMNOPQRTUVW) 

Merkle-Korff Gear Co., 211 NW. Morgen. 
Chicago 7, Il. (ABCDEFGHJQRTYZ&) 

Motoresearch Co., 1600 Junction Ave., Ra 
cine, Wis. (BQY) 

Oster Manufacturing Co., John. Avionic 
Div Racine Wis (BCFGHUVY&) 
(Servo and Synchro) 

Rae Motor Corp.. 2009 Kewanee, Racine 
Wis. (BCDFGHYZ&) 

Reliance Electric & Engineering Co. 24701 
Euclid Ave. Cleveland 17, Ohio 


(FGKLNOV) 
Alhambra, Calif 


Reuland Electric Co., 
(KNQ) 

Robbins & Myers, Inc Motor Div 
Springfield Ohio (BCDBFGIKNU) 
Robertshaw-Fulton Controls Co., Acro 

Div Columbus 16, Ohio (B) 

Scruggs Co Loyd, Festus, Mo 
YZ&) 

Servomechanisms Inc., 
17 Brooklyn Ave., 
FR (Servo) 

Smith Corp., A. O., Electric Motor Div 
Tipp City. Ohio (FKN) 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22 Calif 
(FKNQ) 

Sutton Corp., 0. A.. Wichita, Kan 

Ther Electric & Machine Works, 
Jefferson, Chicago 6. Tl 

Transicoil Corp., Worcester, 
County, Pa. (Servo) 

Westinghouse Electric 
Center Bldg.. No. 8, 
Pittsburgh 22, Pa 
NOPQRSZ&) 

Wagner Electric Corp. 
Ave.. St. Louis 14. Mo 


(BCD 


Mechatrol 


Div 
Westbury, L. I 


(BF) 
HA 


Montgomery 


Corp., Gateway 
491 Liberty Ave 
(BCDEFGHJKLM 


6454 Plymouth 
(FGKLNYZ) 
Robbins & Myers, Inc., Crane & Hoist 
Div Sprivefield. Ohio 
Spaulding Fibre Co., Ine., 
N.Y 


Tonawanda 


MERCURY RELAYS. See Relays. 
MERCURY SWITCHES. See Switches 


METALS, LAMINATED. See Laminate: 
Metals, Precious and Base 


METALS. PRECIOUS. See Gold: 
nated Metals; Platinum; Silver. 


WEFALS. PRE-PLATED. See Pre-Plate- 
Metals 


METALS. RARE 


Fansteel_ Metallurgical 
cago, Ti 

Mallory & Co., Inc., P. R., 
6. Ind 

Wilson Co.. H. A 


METERS, HOUR 


Haydon Mfc. Co., Inc., 
rington, Conn. 

Hobbs Corp John W.. Div. of Stewart 
Warner Corp.. 2078 Yale Blvd., Spring 


field, Til 
Industrial Timer Corp 1411 
Highway, Newark 4, N. J 
MICA. GLASS-BONDED. See 
Bonded Mica 


MICA. MOLDED and LAMINATED 
(Sheets. Plate. Tape. Tubes, Rings 
Segments, Washers, etc.) 

grand & Cx Inc., William, Willimanti« 
1, Conn 

Continental-Diamond Fibre, A 
The Budd Co.. Newark 13, Del. 

Ford Radio & Mica Corp., 536-540 63rd 
Brooklyn, N. ¥ 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Insulation Manufacturers 
Washington Blvd 

Macallen Co.. Bay Rd., Newmarket 

Mica Insulator Co Sub. of 
Mining and Manufacturing Co., 
tady 1, N. ¥ 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Il] 


Lami 


Corp., North Chi 
Indianapolis 


Route 22, Union, N. J 


2534 Elm, Tor 


MeCarter 


Glass 


Sub. 


Corp. 565 W 
Chicago 6, Tl 

N. H 
Minnesota 
Schenee 
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“prime supplier of steel to the nation’s 
foremost manvfacturers of stainless 
Steel cookery: More name brand 
ut il manufacturers have formed 
brOducts of Sharon Quality 
than from any other source. 


“4 Sharon understands the “pot and pan” 
| business, and users know they can 
depend on Sharon for Stainless of 
consistent high quality with the finest 
finish in the indus: 
s 


ee 


For 56 ) ears 


SHARONSTEEL a Quality Name 
in Steel 
CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, 
NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, SEATTLE, MONTREAL, TORONTO SHARON STEEL CORPORATION, SHARON, PENNA 


A 





THE MOST COMPLETE SOURCE MICROPHONES PACKAGING. See Boxes 


Americar Microphone Electronics Div Containers Packaging and 


, e) » Lisl: EAST COAST Oaks ee sadena, Calif "PACKINGS. See Gaskets 


ental-Diamond Fibre 4 Sub. of The 
‘ Ir Newark 13. Del PAINTS. See Lacquers, Enamels 
al = Electri a Apparatus Sal and Varnishes Finishing 
Div Schenectady 1, N. Y . 
Mica Insulator ¢ Schenectady 1 PALLADIUM. Sce Platinum an 
ul Products 
MICROSCOPES 
Bausch & Lomt tica 1717 PANEL CONTROL UNITS 
Paul. Roc t Allen-Bradley Co., 1316 S. Second 
waukee 4, Wis 
DED \rrow-Hart & Hegeman Electric 
Pla Hawthorne, Hartford 6, Conn 
Bristol Cc Waterbury 20, Conr 
Clark Controller Co., 1146 E. 
MOLDING MACHINES, PLASTIC Claecluad’ 48. Sitka 
Newbury Industries, Ir Box s Cutler-Hammer Inc 1264 St. Paul A 
ry, Ohio Milwaukee 1 Wis 
Eagle Signal Corp., 202 20th Moline 1, 
MOLYBDENUM—(Sheet and Wire) & Il 
also Contacts Eseco Works Delta-Star Electric Div 
i Met : . H. K. Porter Co Inc Lockport, Ill 
Fanstee etallurgle Genera Electric Co Apparatus Sales 
ID Schenectady 5, N y 
Heinemann Electric Co., 99 Plum, Tren 
ton 2 N J 
Square ‘o N ichards Mil 
MOTOR BASES, ADJUSTABLE mare) Oe ee Richards, Mi 
Allis-Chalmer Milwaukee 1. W Ward Leonard Electric Co., 34 South 
I ejoy Flexible Couplir Cr ’ Mount Vernon N E 
Lake, Chica 4. Ill esti ’ Electric Corp,, Gateway Cen- 
1 No. 3. 401 Liberty Ave 
MOTOR CONTROLS and STARTERS itt gh 22, Pa 
Controllers, Motor; Push Button Sta Vheek nstruments Div., Barber-Colman 


1403 Rock, Rockford, Ml 
MOTOR GENERATOR SETS ; . 
Exe Wats dts Stet Diy 7 PANELS, DIAL. See Dials and I 


a In Lockport, Tl > “ae 
wincerina: ¢ 128 Maxfield Ave PANELS, SHEET STEEL. See 


 ccategis. - athe Metal Fabricators 
AUTH h Corp., Inet-Palmer 1 
UTHORIZED DISTRIBUTORS i ach nt a P mer Dis |S PAPER INDUSTRIAL 
PARKER-KALON Cottrell, Paper Co., Inc., 88 Purcl 
oou MOTORS and GENERATORS. See Motor Fall River 1. Mass 
propucrs Table on Page 410 Hollingsworth & Vose Co., East Walpole 


MOLDED INSULATION and MOL 
PRODUCTS. See Ceramics: Mica 


Rubber 


L 
R 


Ix 


Mass, 
SHAKEPROOF MOUNTINGS. RUBBER and Mosinee Paper Mills Co., Dept. EM 
PRODUCTS weaeeeneae gy 


: West Virginia Pulp and Paper (< 25e 
Tohns-Mansville Dutct trand = Pre t a aie : , 9 y - 
30 V sella a Chicag oa Park Ave., New York 17, N. Y 


PAPER, INSULATING 
IMMEDIATE DELIVERY MOVEMENTS, CLOCK and TIMING ane Wikia Ge. SSE Stcedil ave. New 
Havdon C A w 234 Nortl Elr [ ‘Ha en 14 Conn. : 
Catalog on Request H W ay rs "a 0531 Elm. Tor Continental-Diamond Fibre, A_ Sul f 
Seen eis —" , The Budd Ce Newark 13, Del 
— : Cottrell Paper Co Inc., 88 Purchase 
Fall River 1, Mass 
NAME and INSTRUCTION PLATES Dennison Manufacturing Co., 30@ Howard 
. lr 769 Grace, Chicago Framingham, Mass 
¥ General Electric Co Plasties Dept 
ter Glass Corp 220 W. Mair Decatur Il 


127-E CHURCH ST. NEW YORK 7, N. Y. int ena ae 
NASHVILLE, TENN. SALES & WAREHOUSE 919 5th AVE. SOUTH ak miei aoe ‘ 


ining & Manufacturing Co Schenec- Insulation Manufacturers Corp., 565 W 
Se a, Washington Blvd., Chicago 6, Il! 
i ‘ark Nameplate C Inc., 34-10 Linde Irvington Div Minnesota Mining & 
Circle 413 on page 17 | : ie on aes . inden Sanufecturing Co.. 9 Argyle Terrace 
; Irvington 11, N. J 


Johns - Manville Box 14, New York 16 
NICKEL and NICKEL ALLOYS N. 


(Rod, Sheet, Tubing, Wire) Mica Insulator Co.. A Sub. ef Minnesot 
American Brass (¢ Waterbury 20, Conr Mining & Manufacturing Co., Schene 
Cupro-Nickel tady 1, N. Y¥ 
Carpenter Steel Cr 115 W. Bern. Read- Mosinee Paper Mills Co., Dept. EM 
ing, Pa Mosinee. Wis 
Chase Brass & Copper Co.. Sub of Ker National Vulcanized Fibre Ce., Wilming 
necott Copper Corp Waterb » 0 ton 99 Del 
Ceca : Ps as ' Natvar Corp., 207 Randolph Ave., Wood- 
Driver Co. Wilbur B 1875 McCarter bridge, N. J 
Hi hway Newark 4. N. J . Spauldir Fibre Co Inc., Tonawanda 
Driver-Harris (Ce Harrison. N. J a. ake 5 ae 
Elgin National Watch Co., Micronies Div West Virginia Pulp_and Paper Oo., 230 
Elgin. TH Cobalt Nickel) Park Ave New York 17, N. Y¥ 
ral Plate Div Metals and Controls 
‘orp 1910 Forest. Attleboro, Mass 
nteeitonsl Nickel Go. tae a? ‘Win PAPER. PHOTOGRAPHIC 
New York 5, N. Y REPRODUCTION 
Pern Precision Products, Inc 501 Cres Ozalid A Div of General Aniline & 
nt Ave Reading, Pa. (Strip Film Cort Johnson City, N. ¥ 


NICKEL-SILVER PAPER TRACING. See Tracing Cloth 
(Rod, Sheet, Tubing, Wire) Film and Paper 


American Brass Co.. Waterbury 20. Conr 


Chase Brass & Copner Co., Sub. of Ker PARTS FEEDERS. SELECTIVE 
necott Copper, Corp., Waterbury 20, guntron c¢ 190 Lexington Ave., Homer 
Conr » - R 
Penn Precision Products. Inc 501 Cres Pa Vibrator 
ent Ave Reading "a (Strip) 
Revere Copper and Brass. Inc.. 230 Park PERFORATED MATERIALS 
Ave New York 17, N. ¥ Ifarrington & King Perforating Co., Inc 
Riverside-Allov Metal Div H. K. Porter 657 Filmore, Chicago 44, Ill 
‘ Ine Riverside, N. J 
It's a Photobell electric eye Seymour Manufacturing Co., Seymour 


~~ 
pane = —_ , PERMANENT MAGNETS. See Magnets 
we haven't lost an actor yet! > F ee 
/ NON-MAGNETIC IRON and STEEL 


ee eee eae PHOSPHOR BRONZE 
_— = he: . (Rod, Sheet, Tubing, Wire) 

NUTS. See Fasteners American Brass Co., Waterbury 20, Conn 
> . ~ e s ew 4 Chase Brass & Copper Co., Sub. of Ker 
Photorelays For Automation OHMETERS. See Instrument iweatt Copper Corp... Waterbury 20, Cann 

¢ allory & (« nm , ndianapolis 


We Make All Kinds | OILERS. See Lubricators, Oil and Grease thot ae 


Conn 
| OSCILLATORS. See Instruments ia ae hae he th 
Our latest designs have no maintenance, no i a ai atte > oe oe 
tubes, no heating-up time; they are completely Electronic: Recorders. Osciilographic. iverside-Alloy Metal Div. HK. Porter 
resistant to dirt, shock, vibration, wetness. Dionmald Ave. Clifton Allen B.. 769 Sevmour Manufacturing Co., Seymour 
* 2 Federal Telephone and Radio Ce Div. of 
temperature, and priced low too. International, Telephone and. Telegraph PHOTOELECTRIC CELLS and TUBES 


No letter is too long, no sketch too rough; tell ot a . seen ade See eee te ae 


us what you want and we will send full recom- | Hughes Products. Electron Tube. Div. of _ electric Cells 


( International Air General Electric Co., F tronic Component 


le 
ati t t Los Angeles 45. Calif Div., Schenectady 5, N. Y. (Photoelectr 
mendations. ee pe..: 
r N J International Rectifier Corp 1521 E 


PHOTOBELL Com pany ‘Chie . , 44 ’ a Te RCA Ene a Tue Be eae ‘Con 


cal Instrument Corp., A s f America. Harrisor N J 
Dept. EM-10, 43 Vesey Street, N. Y. 7, N. Y. 


614 Frelinghuys Viekers Electric Div Vickers. Inc., 1803 


N 7 lA St. Louis ¢ Mo 
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Educational 
Magnetic 
Amplifier 


Fundamentals of 
Magnetic Amplifier 
Application ...A Solution 
cau cakanaae to Control Problems 


For industry and schools, for experimental work and basic instruction in the 
principles and characteristics of high-performance, self-saturating Magnetic Ampli- 
fiers in control applications. 


With automatic control playing an increasingly bigger role in our rapidly 
advancing industry, the magnetic amplifier has become a key component of 
industrial and military control systems. 


To help engineers, students, and laboratory personnel understand magnetic 
amplifier principles and performance, Vickers has designed and has available this 
unique instrument. Permits the study of all basic single-phase magnetic amplifier 
circuits employing either d-c or a-c control and output. Can be used as an experi- 
mental control circuit in actual specific applications. 


ee » Each Vickers Educational Magnetic Amplifier includes these helpful training 


peaeey aids (left): the Vickers Magnetic Amplifier Laboratory Manual, and the Vickers 
— Magnetic Amplifier Application handbook. 


~— 


ile PRICE: $106.15 f.o.b. St. Louis. Specify Vickers Educational Magnetic Amplifier, 
Catalog No. 36A34. (Educational Amplifier Descriptive Bulletin 2801 available 
upon request. ) 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


cS65 EOCUST STREET ° SATIN LOUTS 3.. MIissouvurkl 
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Sar better nila laminates... 
LET MICA MOLD IT 


Mica’s greater knowledge of materials, molding know-how, ability to vary materials 
as required, and problem-solving abilities pay off. 


For savings, let MICA mold it. Our knowledge 
of base materials and molding methods, our un- 
divided responsibility for quality of both mate- 
rials and workmanship, and our specialized 
equipment save time and assure consistency, 
accuracy and prompt delivery. 


For special applications, let MICA mold it. Our 
molding materials include Lamicomw® phenolic 
papers and fabrics, polyester glass and SCOTCH- 
PLY® epoxy glass. These materials offer light 
weight, high strength and stability, chemical re- 
sistance, insulating properties, heat resistance and 
low moisture absorption. This wide range of prop- 
erties meets many different application require- 
ments. 


For special processing, let MICA mold it. We 
are fully equipped to mold parts of intricate 


shape or difficult contours by matched metal die 
compression molding. Our facilities include com- 
plete fabricating equipment for further machining 
and finishing of molded parts. 


For creative engineering, let MICA mold it. We 
are prepared to apply our knowledge of base 
materials, molding and fabricating methods, and 
application experience to the design and manu- 
facture of prototype or experimental materials 
and parts. 


For prompt quotation on your needs, send us 
your prints and specifications. We can also supply 
machined parts from paper, linen, canvas, nylon, 
asbestos and fibrous glass base materials. A MIca 
representative will be happy to give you any engi- 
neering assistance needed. 


SCOTCHPLY® is a registered trademark of Minnesota Mining and Manufacturing Co. & 


MICA INSULATOR COMPANY 
789 Broadway, Schenectady 1, New York 


A Subsidiary of Minnesota Mining and Manufacturing Company 
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PHOTOELECTRIC CONTROLS 


bristol Co., Waterbury 20, Conn. 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N x. 
Mercoid Corp., 4201 Belmont Ave., Chicage 
il iil 
Westinghouse Electric Corp.,Gateway Cen 
ter, Bidg. No. 3%, 401 Liberty Ave., 
ittsburgn 30, P 
Electrical istrument Corp., A 
of Daystrom, I , 614 Frelinghuy- 
Ave., Newark 5, N. 


PILLOW BLOCKS. See Blocks, Pillow 


PINS, COTTER and LOCK. See Fasteners, 
PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics 


PLASTICS, MOLDERS, 
and FABRICATORS 


Insulator 


EXTRUDERS 
American New 
Ja 
Anchor 


Corp Freedom 


Plastics Co., Inc., 36-36 
Long Island City 6, N. Y, 
Auburn Manufacturing Co., 
Middletown Conn 

Barber-Colman Co. 
Rockford, I 

Borden Co., Res 
Calif 

Brand & Co., Inc., 
Conn 

Continental-Diamond Fibre, A Sub, of The 
Budd Co Newark 13, Del 

Plastics Co,, 3239 W. 14th, 
land 9, Ohio 

Crane Packing Co., 
Grove, Ill 

Dimeo-Gray Co., 210 E 
Ohio 

Erie Resistor 
Pa. 

Formi 
1521-7 
Ohi 

General Electric Co., 
Decatur, Ill 

Gries Keproducer Corp -49 
Ave. New Rochelle, N Y 

Irvington Div., Minnesota 
Manufacturing Co., 9 
Irvington ll, N. J. 

Kuhn & Jacob Molding & Tool Co., 1204 
Southard, Trenton 8, N. J 

Kurz-Kasch, Inc 1419 S. Broadway, Day- 
ton 1 Ohic 

Mica Insulator Co., Sub. of 
Mining & Manufacturing C¢ 
tedy I, MN. &. 

Midwest Molding & Mfg. C« 
Il 

National Vulcanized Fibre Co., 
), Del. 

Natvar Corp., 207 
bridge N. J. 

Nosea Plastics, Inc Erie 4. Pa 

Phale Plastics Corp., Commercial & Foster, 
Wore, ‘ter 38, Mass 

RKaybestos-Manhattan, Inc 
ucts Div., Manheim, Pa. 

Kesistotlex Corp Roseland, N. J. 

Kichardson Cc 2799 Lake, Melrose 
Il 

Kogan Brothers, 
sxokie, 111 

Kostone Corp., 
fayette Ind. 

Kyerson & Son, Inc 
sv, Il 

Spaulding 
Bed 


Syivania 


36th, 
306-I Stack, 


Dept, V, Rock 


1203 


inite Dept., Santa Barbara, 


William, Willimantic 


Cosmo 


Cleve 


6424 Oakton, Morton 


6th, Dayton 2, 


Corp., Plastics Div., Erie 


a Corp. Sub of 
Spring Grove 


American Cyanamid 
Ave., Cincinnati 32, 


Plastics Dept 


Beechwood 


Mining & 
Argyle Terrace, 


Minnesota 
Schenec- 


, Gurnee, 96, 
Wilmington 


Randolph Ave Wood- 


Plastic Prod- 


Park, 


8027 N. Monticello Ave., 


2405 S 


Concord Rd., La- 
Joseph T 


Chicago 


Fibre CX Inc., Tonawanda 
Electric 
I adiway New 
Synthane Corp., 17 
Taylor Fibre Co., 
Lunited Stat 
The Garlock 
N. J 
Westinghouse Electric Corp 
er Bldg No. 38, 401 
Pittsburgh 30, Pa 


Products, Inc., 1740 
York 19, N : 
River Road, Oaks, Pa. 
Norristown, Pa 

Plastics Div. of 
Packing Co Camden 1, 


Gasket 


Gateway Cen 
Liberty Ave., 


PLASTICS—MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound T) 

lulose Acetate (A) 

Nitrate ) 

Phthalate 

wxy Resins (U) 
Ethyl Cellulose ( 

k lourocarbons (P) 

Melamine Formaldehyde (Cc) 

Methyl Methacrylate (D) 

(G) 

(E) 

(I) 

(H) 

tesins (Q) 

Resins (Ss) 


N 
It 
Pi 
P 
P 
s 
s 


plyester 
icone 
yrene (F) 


Lrea 
Vinyl 
Vinyl 


Formaldehyde (J) 
Acetal (L) 
Alcohol (BK) 
Vinyl Chloride (Vv) 
Viny!-Chloride- 
Vinylidenechloride 
Vinyl! Chloride Acetate 
Vinylidene Chloride 


(Ww) 
(M) 
(N) 
Barrett Div Allied Chemical and 
Dye Corp., New York 6, N. Y¥. (T) 
Borden Co Resinite Dept., Santa Bar 
bara, Calif. 
Ciba Ce Inc., 
a. (U) 
Dow Chemical Co Midland 
Dow Corning Corp Midland, Mich. (S) 
juPont de Nemours & Co. (Inc.,), E 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. (ADGKLPR) 
Durez *lastics Div Hooker Electro- 
chemical Co., 1810 Walck Rd., N. Tona- 
wanda, N Y E (Casting Resins) 
General Electri Co., Plastics Dept., 
Decatur, Ill, 
Glastic Corp 
land 21, 


Plastics Div., Kimberton, 


Mich. (F) 


4323 Glenridge Rd., Cleve- 
Ohio (Q) 
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Goodrich Chemical Co., B. F., 
GD-5, 3135 Euclid Ave., 
15, Ohio (INVW) 

Houghton Laboratories, Inc 
Ave Olean, N. Y. (U) 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Lil 

Koppers Co., Inc., Chemical Div., Koppers 
Bidg., Pittsburgh iy, Pa. (FH 

Marbon Chemical Div. of Borg-Warner 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier 
Paul 6, Minn 

Ohio-Apex, FMC Organic 
Food Machinery and Chemical Corp., 
161 E. 42nd New York 17, N. ¥. (CX 

Plastics Engineering Ce 1607 Geele Ave 
Sheboygan, Wis (E 

Resistofiex Corp., Roseland, N. J I’) 

Kogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ill, (CEJ) 

Rostone Corp., 2405 8. ¢ 
fayette Ind (H) 

Shell Chemical Corp 
380 Madison Ave., 
(U) 

United States 
of The Garlo 
N J (P) 


Dept. 
Cleveland 


140 Houghton 


Electrical 
Ave., St 


Chemicals Div., 


oncord Rd., La 


Chemical Sales Div 
New York 1/7, N. Y. 


iasket Co 


Plastics Div., 
Packing Cx 


Cumden 1 


PLASTICS, SHEETS, RODS and TUBES 
AMP Incorporated 
Div., 155 Dark 
eiectric Sheets 
Borden Co., Resinite Dept 
Calif. 
Cleveland Container Co 6201 
Ave Cleveland 2, Onik 
Continental-Diamond Fibre 
Budd Co Newark 13, Del 
Formica Corp A Sub. of 
Cyanamid, 4521-7 Spring 
Cincinnati, 32, Ohic 
General Electric Co., 
Decatur, Ili 
Gereral Electric Cx 
Dept., Coshocton 
Glastic Corp., 4312 
17, Ohio 
Houghton Laboratories, Ine., 
Ave., Olean, N. Y 
Insulation Manutacturers 
Washington Bivd 
Mica Insulator Ce 
National Vulcanized 
ton, 99, Del 
Resinite Corp Div. of 
Tube Co., 6980 North 
Chicage 45, Lb. 
Resistotiex Corp Roseland, N. J 
Ryerson & Son, Inc., Joseph T., 
Ss, i 
Spaulding 
N. 
Taylor Fibre C« 
U. S. Rubber Cx 
Chicago 39, Lil 
Westinghouse Electric Corp 
Center Bldg. No. 3, 401 
Pittsburgh 30, Va. 


Chemical & Dielectrics 
Elizabetntown, au. (Di 


, Santa Barbara 


Barberton 
(Tuves) 
A Sub. of The 


American 
Grove Ave., 
Plastics Dept., 

Laminated 
Ohio 
Glenridge, 


Products 
Cleveland 
140 Houghton 
Corp 565 W 

Chicago 6, Lil 
Schenectady 1, N. ¥ 
Fibre Co., Wilming 


Precision 
Central 


Paper 
Park 


Chicag¢ 


Fibre Co., In Tonawanda, 
I stown, Pa 
26 N. Pulaski Rd 


Gateway 
Liberty Ave., 


PLATINUM and 
UCTS. See also 

American Platinum 
sey Railroad Ave 

Baker & C¢ In 113 
N. J. 

Brainin Co., C. 8 
Vernon, N Y 
General Plate Div Metals and Controls 
Corp 1910 Forest Attleboro Mass 
Handy & Harman, 82 Fulton, New York 

3S N Y 
Ney Cr J 

1, Conn 
Wilson Co., H. A 


PLATINUM PROD- 
Contacts 

Works, 231 New Jer 
Newark ’ N J 
Astor, Newark 5 


318 Washington, Mt 


P.O. Box 990, Hartford 


Route 22, Union N. J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill 


PLUGS and JACKS, COMMUNICATION 
Audio Development Cx l3sth Ave 
South Minneapolis 
Richards Electrocraft Inc 1452-36 N 
Kedzie Ave Chicago 25, Il 
Switchcraft, Inc., 1328 N 


Chicago 22, Ill, 


2836 


Minn 


Halsted 


PLUGS and RECEPTACLES 


Alcor Manufacturing Co., 4444 W 
velt Rd., Chicago 24, Ill 
Amphenol Electronic Corp., 
Ave., Chicago 54, Ill 
Arrow-Hart & Hegeman 
Hawthorne Hartford 6 
Automatic Electric Sales 
lake, Ill 
Belden Mfg. C« 1633 W 
Chicago 44, Ill 
Cannon Electric C¢ 
Humboldt, Los Angeles 31, Calif 
Circle F Mfg. Co., Trenton 4, N. J 
Constantin & Co., L. L., Route 46, Lodi 
N. J 
Cornish Wire Cx n 50 
York 7, N. Y¥ 
Crouse-Hinds Co., Syracuse 1, N. Y 
General Electric Co., Construction 
rials Div Bridgeport 2, Conn 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Cor 
Johnson Co., E. F., 2 Ss id Ave 
s W., Waseca, Minn 
Jones Div., Howard B., Cinch 
Chicago 24, Ill 
Methode Mfg. Co., 7447 W 
Chicago 31 lil 
Molex Products Co., Brookfield, Ill 
Pass & Seymour, Solvay 
Syracuse 9, N,. 
Pyle-National Co., 1 
Chicago 51, Il 
Royal Electric Corp Pawtucket 2 
Stromberg-Carlson A Div of General 
Dynamics Corp 117- Carlson Rd 
Rochester 3, N. Y. 


Roose 


1830 8S 


54th 
Electric Ce 103 


Conn, 


Corp. North 


Van 


Buren 


Dept 500 3209 


Church, New 


Mate 


Mfg. Corp 


Wilson Ave 


Statior 


Kostner Ave 


Asse Bi hla SB Catalin wine tibssed il 


OYAL UNBREAKABLE 


NEOPRENE HEATER PLUG 


One-piece construction . . . molded of unbreakable neo- 
prene — no screws, eyelets, rivets or nuts to loosen or fall out 


Molded-in contacts — cannot push back . . . cannot come 
loose . . . cannot twist or turn in use 


Molded-on cord guard and strain relief . . . for smoother 
flexing and greater strength 


Highest impact resistance . . . Royal Neoprene Heater 
Plugs cannot break, crack, or chip! 


Never before has there been a UL-listed miniature heater 
plug with so many built-in, molded-in performance and 
appearance features! Send your cord assembly specifications 
and quantities for prices . . . write Royal today! 


A complete quality- 
controlled cord set — Neo- 
prene Miniature Heater 
Plug and Royal P-2 Cap 
molded to #18 Royal Type 


HPN par-llel heater cord 


Eadie sb bodchin hh acai 


ROYAL ELECTRIC CORPORATION 
Pawtucket, R. |. 


\.\. Lee 
ame VV VV ALLL LLL 


in California: Electric Cords & Supply Corp., 413 E. 3rd St., Los Angeles 13 
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LITTLE 
SWITCHES 


SOLVE BIG PROBLEMS 
FOR MANUFACTURERS 


Dependable switch action. . 


of it.. 


isfaction .. 


cre regorded so 


electrical 
WORK! 


SATISFY! 


types 
needs. 


ond materials. 


. means the ultimate user's sat- 
.or lack of it...in your 
product. That’s why ALCOR SWITCHES 
importantly by so 
many manufacturers of hair dryers, 
stoves, fans, small mixers and similar 


They‘re precision 
function unfailingly. I 
Standard types; or special 
originated 
Highest quality workmanship 
Write for catalog or 
tell us your special requirements. No 
obligation. 








@ ALCOR 


No, 150 





U.L. Approved 


ROTARY CANOPY 
SWITCHES (150) 
SINGLE POLE 
125 volts—3 amps. 
250 volts—1 amp. 
with 6” leads. Sol- 
id bakelite knob. 
Ideal for limited 

space. 


.or lack 


These switches 
built to 
In short... they 


for your special 





ROTARY CANOPY 
SWITCH (151) 
SINGLE POLE 

125 volts—3 amperes 

250 volts—1 ompere 


1 
{ 
; U.L. Approved 
1 
! 
with 6” leads. Non-re- | 
| 
{ 
I 
! 
i 


PUSH CANOPY 

SWITCHES (200) 
Unbreakable Metal 
or Phenolic Knob. 
3-amps. — 125 volts 
l-amp. — 250 volts 
6" leads. 


movable metal knob. 


ALCOR MANUFACTURING COMPANY 






4444 W. ROOSEVELT ROAD a 


CHICAGO 24, ILLINOIS 
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WHEN THE HEAT’S ON... 


. .. you can really depend on Star THERMOLAIN®™ refractory porce- 


lain for exceptional performance in any electrical heating device 
you manufacture... broilers, radiant heaters, ranges, water 
heaters, roasters, coffee-makers, air heaters, rheostats, immersion 


heaters 





. hundreds more! Star THERMOLAIN offers good mechani- 
cal strength plus excellent thermal shock resistance 
bination that means long, trouble-free heating-element life and user 


-@ com- 


satisfaction. Want the facts? Standard re- 
tractory shapes are shown on our new data 
sheet together with sizes, weights and other 
pertinent engineering data. Write for a 
free copy. Star Porcelain Company, 

41 Muirhead Ave., Trenton 9, N.J. 


STAR 


porcelain company 


Circle 419 on page 17 





PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Il. 


PORCELAIN, Sec 


Ceramics. 


POSTS, BINDING 
Littelfuse, Des Plaines, Ll. 


POTENTIOMETERS, See also Rheostats 


Ace Electronics Associates, Dept. EM, 101 
Dover, Somerville 44, Mass 


Allen Bradley Co 1316 S. Second, Mil 
waukee 4, Wis. 
b Equipment Div George W borg 
Corp., Janesville, Wis. 
soul Laboratories, P. O Box 2112 
erside Calif. 





Clarostat Mfg., Co., Inc., Dover, N. H 
Daven Co., 536 W. Mt. Pleasant Ave 
Koute 10, Livingston, N. J. 

Gamewell Co., Newton Upper 
Mass 

Helipot Corp., Div. of Beckman Instru 
ments, Inc., P. O. Box 4538, Newport 
Beach, Calif. 


Falls 64 





international Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 
ite Manufacturing Co., 3613 Howard 
kie, IL 
Stackpole Carbon Co St. Marys, Pa 


Transicoil Corp., Worcester, Montgomery 
County, Pa. 

Waters Manufacturing Inc., Wayland, Mass 

Weston Electrical Instrument Corp., A 
Sub. of Daystrom, Inc 614 Freling 
huysen Ave., Newark 5, N. J 


POTS and LADLES, MELTING 











General Electrical Cc Apparatus Sales 
Di Schenectady 5, } : 
Vuk Electric Co., Danvers 2, Mass 





POWDERED METAL PRODUCTS. Sex 


also Bearings and Bushings; Contacts 


Amplex Diy Chrysler Corp., Detroit 31, 
Mich 

Gibson Electric Co., Old Wm 
Highway, Delmont, Pa. 

meee & c., P. B., 
nd 


Radio ¢ 


Penn 


Indianapolis 6, 
res, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill Iron Cores) 

Stackpole Carbon Co., St 
Lnited States 


Saginaw 8, 


Marys, Pa. 
Graphite Co., 1621 Holland, 
Mich. 


POWDERS, METAL 
American Platinum Works 
sey Railroad Ave., Newark 5, N. ¥ 


Handy & Harman, 82 Fulton, New York 
eis “aes 


ew Jersey Zinc Co., 160 Front New 
rk 38, N Y. (Brass, Bronze, Cop 
per and Zinc) 

POWER SUPPLY UNITS 

American Television & 


231 New Jer- 





Radio Co., St 


Paul 1. Minn 

Electro Products Laboratories, Inc 4501 
N. Ravenswood Ave., Chicago 40, Ill 

Fansteel Metallurgical Corp., North Chi- 
ago, Ill, 

oe & Co., Inc., P. R., Indianapolis 6, 
nd 


Servomechanisms Inc Mechatrol Div 17 

Brooklyn Ave Westbury, L. 1 nse 

Texas Instruments Incorporated, 6000 Lem 
Ave Dallas 9, Texas. 


PRE-PLATED 
Brass 
Strip). 


METALS 


(A‘uminum, 
Copper, Steei, Zine, 


Sheet and 


American Nickeloid Cx Peru 3, Ll 


Superior Electric Co., 803 Middie, Bristol 
Conr 


PRINT MACHINES 


Ozalid \ Diy of General Aniline & 
ly rp Johnson City, N. Y 


mers, Milwaukee 1, Wis 
Aviati Corp Scintilla Div 
» N. ¥. 

& Myers Ln 
Springfield, Ohio, 


PUSH BUTTON STATIONS 


Allen-Bradley Cc 1316 S. Second, Mil 
waukee 4, Wis 
Allis-Chalmers, 


Pump Div 


Milwaukee 1, Wis 
Arrow-Hart & Hegeman Electric Co., 103 


Hawthorne Hartford 6, Conn. 
Automatic Electric Sales Corp., North- 
lake, Il 
Clark Controller Co., 1146 E 152nd, 


( eland 10, Ohi 
Crouse-Hinds Co Syracuse 1, N. Y¥ 
Cutler-Hammer Inc 1264 St. Paul Ave 

Milwaukee 1, Wis. 

General Electric C« Apparatus Sales Div., 

Schenectady 5, N. Y¥ 
Micr Switch A Div of 


Minneapolis 
Honeywell Regulator Co 


Freeport, Ill 





P ional Ce 1388 N. Kostner Ave., 
cl go 51, Ill 

Ss e D < 4041 N. Richards, Milwau 

12, Wis. 

Stromberg-Carlsor A Div of Ceneral 
Dynamics Corp 117 Carlson Rd., 
Rochester 3, N. Y¥ 

Ward Leonard Electric Ce 34 South, 


Mount Vernon, N. Y 


Westinghouse Electric Corp., Gateway Cen 


ter Bidg N 3 401 Liberty Ave., 
Pittsburgh 30, Pa. 

PYROMETERS 

Assembly Products, In Chesterland 14 
Ohio. 

Brist Co., Waterbury 20, Conn 

Weston Electrica Instrument Corp A 
Sut f Daystron Inc., 614 Freling 
lyse Ave Newark 5, N. J 

Wheelco Instrument Div Surber-Colman 


Co., 1403 Rock, Rockford, Il 


QUARTZ, FUSED 
Amersil Co., Inc., 685 Ramsey Ave Hill 
side 5, N. J. 


REACTORS. See 


Transformers 


RECORDER COMPONENTS, MAGNET- 
IC. See Instruments 


RECORDERS, COMPUTER. See Instru 


ments, Electronic 


RECORDERS, GRAPHIC 


See Instruments 


RECORDERS, OSCILLOGRAPHIC 






Brush Electronics C¢ Div. of Clevite 
Corp 3405 Perkins Ave Cleveland 14, 
Ohio. 

Midwestern Instruments, dist and Sheri- 
dan Rd., Tulsa, Okla 


Sanborn Co., Industrial Div 175 Wyman, 
Waltham 54, Mass 








RECTIFIERS, SEMICONDUCTOR 
Fansteel Metallurgical Corp Rectifier 
Div North Chicago, Ill, (Selenium) 
Federal Telephone and Radio Cc Div f 
International Telephone and Telegray 
Corp 100 Kingsland Rd Clitt 

N. J 
General Eleetric Co., Apparatus Sales Div, 
Schenectady 5, N. Y iium, Copper 
Oxide Industrial Germanium) 
General Electric Cc Semiconductor 


Products, Electronics Park 
N. Y. (Germanium Diodes 
and Silicon Rectifers) 
Hoffman Semiconductor, Div. of 
Electronics Corp., 930 
Evanston, Ill 
International 


Syracuse 1 
Germaniul 


Hoffmar 
Pitner Ave., 


Rectifier Corp 1521 E 


Grand Ave. El Segundo, Calif. (Selen 
ium Germanium Silicon) 
International Resistance Co., 101 N 


Broad, Philadelphia 8, Pa 

Mallory & Co., Inc., P. R 
6, Ind (Magnesium-Copper 

Radio Receptor Co., Inc., 
Div., 240 Wythe Ave., Brooklyn 11, N.Y. 

Sarkes Tarzian, Inc., Rectifier Div., Dept 
M-3., 415 N. College Ave., Bloom 
ington, Ind 

Syntron Co., Homer City, Pa 

Ther Electric & Machine Works, 11A 8S 
Jefferson Chicago 6, Ill. (Selenium 

Transitron Electronic Corp., Waketield 
Mass, (Silicon) 

Union Switch & Signal Div. Westir 
house Air Brake Co., 
Pa. (Selenium) 

Vickers Electric Div 
1803 Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. ¥ 
Kitel-McCullough Inc San 
Electror Inc 127 Sussex 
N. J 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N 
RCA Electron Tube Div. Radio Corp. of 
America, Harrison, N. J 
Westinghouse Electric Corp., 
ter sldg Ne 3 101 
Pittsburgh 30, Pa 


Indianapolis 
Sulphide 
Semiconductor 





Pittsburgh 18 


Vickers In 





runo, Calif 
Newark 








REGULATORS, MOTOR SPEED. See 


Controllers, Motor 


REGULATORS, TEMPERATURE. See 
Thermostats 
REGULATORS, 


Transformers 


VOLTAGE See al 

Variable Voltage 

Allis-Chalmers, Milwaukee 1 Wis 

Amperite ¢ lt 561 Br 
sera 12, H.. 2 


adway New 








Curtiss-Wright Corp Carlstadt N J 
Eseco W 8 Delta-Star Electr b 
H. K rter Co Inc Lockport, I 


General Eleetric Co Apparatus Sales Di 
Schenectady 5, N. Y 
Hoffman Semiconductor Div. of 
Electronics Corp., 930 
Evanston, Ill 
R-B-M ‘Control’ Div 
Logansport, Ind. 
Sola Electric Co., 





Hoffmar 


Pitner Ave 
, Essex Wire Corp 


4633 W. 16th, Chi 





apt 
20, Ill 
Standard Electrical Products C< 2240 E 
Thir Dayton 3, Ohic 
Electric Div Vickers Inc 18( 
Locust, St. Louis 3, Me 
Westinghouse Electric Corp., Gateway Cer 


ter slg N 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


RELAYS and CONTACTORS 

AEMCO, In 0 Mankato, Minr 

A'G'A Div. of tlastic Stop t 
of America, 1027 Newark Ave., Elizabett 
ce ae 

Adams & 
Mercury 

Allen-Bradley Co., 1316 8S. Second, Mil 
waukee 4, Wis. 

Allied Control Co., Inc., 2 East End Ave 
New York 21, N. ¥ 

Allis-Chalmers, Milwaukee 1, Wis 

Amperite Cx Inc., 561 3roadway New 
York 12 N. ¥ (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 
Rd., Des Plaines, Ill 
Arrow-Hart & Hegeman Electric (¢ 
Hawthorne, Hartford 6, Conr 


State 





Westlake Co., Elkhart, Ind 





7 Mannheir 


Assembly Products, Inc., Chesterland 14 
Ohi 

Automatic Electric Sales Corp North 
lake, Ill 


Automatic Switch Co., 


50-M Hanover Rd 
Florham Park, N. J 


ELECTRICAL MANUFACTURING 











Fastener Facts 


hy Henry Peterson, Chief Engineer — Judson L. Thomson Mfg. Co. 


SHOULDERED RIVETS vs MACHINED PARTS 


Both Act as Pivots! 


When design calls for fasteners 
that also function as pivots for mov- 
ing parts, it pays to consider shoul- 
dered rivets first. They may look much 
like screw machine parts that offer 
similar shoulder and tenon combina- 
tions; but the similarity ends there. 


Rivets Cost Less! 


Shouldered rivets cost only about 
half what you pay for their fully 
machined equivalents. That’s because 
they can be cold-forged from solid 
wire in a single, high-speed operation. 
In most cases, no metal is removed, as 
with screw machine parts. So, you get 
all the stock you pay for. 


Rivets Speed up Assembly! 


Shouldered rivets are located and 
clinched by high-speed rivet-setting 
machines. Like semi-tubular rivets, 
they have shallow punched or drilled 
holes in their shanks to combine the 
shear and compression strength of 
solid rivets with low-cost fastening. 
On the other hand, comparable screw 
machine parts often require slow, 
costly hand locating and fastening. 

Therefore, the savings in material 
and labor costs inherent in shouldered 
rivets demand their early considera- 
tion in cost reduction or value analysis 
programs. These low-cost, high-speed 
fasteners should be thoroughly inves- 
tigated before designs are frozen in 
favor of more expensive screw ma- 
chine parts. 





Thomson Shouldered Rivets 


Thomson designs and produces 
shouldered rivets to specifications in 
two forms; completely cold-headed or 
cold-headed and turned, depending on 
permissible radius of corners and 
break of edges. 

When close tolerances are not a 
factor as in folding baby carriages, 
car beds and seats, rollaway beds and 
comparable pivot-fastener applica- 
tions, Thomson shouldered rivets are 
completely cold-headed and, of 
course, priced at a minimum, 

Where tighter fits are necessary, a 
secondary turning operation supple- 
ments the initial cold-forming to 





square corners and edges to specified 
tolerances. Metal removal, of course 
is slight. As a result, these Thomson 
shouldered rivets cost slightly more 
than completely headed rivets, but 
much less then fully-turned parts. 


Variables to Consider 


In addition to 
permissible radi- 
us of corners (H) 
and break of 
edges (G), there 
are nine other 
design factors: 
head shape, the 
diameter (HD) 
and thickness 





(HT); shoulder 
diameter (SD) 
and length (SL); tenon diameter 


(TD) and length (TL); rivet length 
under head (L) and hole depth (D). 
Head shapes may be round, oval, flat, 
countersunk, or some special design. 
Because of all these variables, Thom- 
son Shouldered Rivets are made to 
order after individual quotations. 


Other Design Factors 


It pays to think twice before you 
rule out shouldered rivets because of 
design and production consideration 
that seem to prevent insertion of 
rivet-setting machine’s driver or anvil 
for clinching the rivets. In many eases, 
a slight change in spacing or cavity 
size allows use of rivets without 
changing overall dimensions. In other 
cases, a change in assembly sequence 
permits a profitable switch from costly 
hand assembly of expensive screw ma- 
chine parts to low-cost machine-set 
rivets. Our engineering department, 
experienced in shouldered rivet ap- 
plications, will be glad to offer sug- 
gestions while your designs are still in 
the rough-draft stage—at little or no 
cost. 


Materials and Finishes 


Thomson Shouldered Rivets are 
produced from aluminum, brass, cop- 
per, nickel-silver, low-carbon steel, 











DESIGN 
PRODUCTION 
& PURCHASING 
DATA 


stainless steel and other 
They can be plated with brass, cad 
mium, copper, nickel, tin, zine, ete. 
They can also be oxidized or finished 
in japanned colors to match the orig- 
inal equipment or end product. 


materials. 


Thomson High-Speed Machines 


The inherent economy of shoul- 
dered rivets as pivot-fasteners is mul- 
tiplied by high-speed assembly made 
possible by automatic rivet-setting 
machines which can be operated by 
unskilled labor. Thomson, inventor of 
the first automatic-feed rivet-setting 
machine, has developed more than 
250 styles which can do thousands of 
fastening jobs . . . with or without 
adaptations. Multiple rivet-setting 
heads, special work handling and load- 
ing fixtures are optional features that 
further accelerate assembly opera- 
tions. Thomson will select and custom 
tool the proper machines to speed as- 
sembly and reduce costs in your plant. 
You can either buy or lease them and 
Thomson’s sales-service engineers are 
available to keep them in top orerat- 
ing conditions. 


TYPICAL RIVET-SETTING MACHINES 
90 ihe 
oe) a 
; we 
4 





FLOOR-TYPE 
FOOT-OPERATED 


FLOOR-TYPE 
MOTOR-OPERATED 


Design and Engineering Service 

Contacted while designs can still 
be modified, we will analyze your 
pivot-fastening problems and tell you 
whether shouldered rivets are best 
for you... at your request. Send 
sketches or prints, if samples are not 
available. 


Free ‘‘Fastener Fact File’ 


Be one of the first to profit from 
our new manual on all phases of rivet- 
ing. It covers rivet types, applications, 
materials, finishes and other factors 
that determine selection of the right 
rivet design and machine for cutting 
fastening costs. Re- 
quest your copy to- 
day. Write: Judson f—— 
L. Thomson Mfg. 
Co., Dept. D, Wal- 
tham 54, Mass. 







Fastener Fact 
File 


JUDSON L. THOW! SON MFG. CO., WALTHAM 54, MASS. 


OCTOBER 1957 
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\ nati I Inc., Sub Corm Glass Work rr ‘4 
f Safe Indus ’ King t Di Corning, N. Y 
Prussia ¢ P Cutler-Hammer Inc 1264 St. Pa Ave., 
Barber-Colman ¢ Dept. V, 1203 Rock Milwaukee Wi 
Rockford, I! Daven ¢ 6 W. Mt. Pleasa Ave 
Brist ( Water 0, Con Route 10, Livingst N. J 
Bristo Motor D Voca € ‘ Erie Resi r Cort Electr D k 
America, In 108 Coulter, Old Say Pa 
brook, Conr Time Delay Hardwick, Hindle, Inc 40 Hermon. New 
( ( P 101 Prat Bivd ark 5, N. J 
, International Resistance ¢ 401 N. Broa 
tri Ce 19 Addisor Philadelphia 8, Pa 
Chicago 18 Mallory & ¢ Inc PR Indianat 
Cramer Controls Cory Box 8, Centerbrook 6, Ind 
Cont Ohmite Manufacturing Co 613 Howa 
Curt Wri Cory Carlstadt N J Skokie Il 
Time Delay RCA Electr Tube Div Ra ( 
Cutler- Hammer p Pa Ave America, Harri N. J 
Milwaukee Resistance. Products (Cc 4 8 
. In Mercur Harrisburs P 
Produ 1, 5085 N. Sprague Electric ¢ 17 Marsha Nor 
Ave Adan Ma 
‘ Elect 212-05 Jamaica Sauare D ¢ 4041 N. Richards, Milwau 
Que s HN. Ff kee 
Industries \ Instrumet Stack St Marys Pa 
McGraw-Edison C West Orange Texas orporated 6000 
Lemmo Texas 
rl South Hackensack, N. J. Tru-Ohm Product Div f Model Engi 
nal Watch ¢ Electronics eering & Mfg Inc Chica is. Il 
Elgin, Il Ward Leonard Electrie ¢ 1 South 
Telephone and Radio ¢ D of Mount Vernon, N. Y 
ternational Telephone and Telegrat Weston Electrical Instrument Corp., A’ sut 
Cort 100 Kingsland Rd., Clift N.J f Daystron ir 614 Frelinghuyser 
Filtor Ine Sagamore Hill Dr P Ave Newark 5. N. J 


Washington, L. I N. Y 


G-V_ Controls Inc 8 Hollywood Plaza RESISTORS, POWER CIRCUIT 
East Orange, N. J “ 


General Electric Cx Apparatus Sale Allen-Bradley Co., 1316 8. Second, M 
Div., Schenectady 5, N. Y Pico percr Mindy Mu 
juardiar ectric 1627-L. W Walnut oe Ammer ine 1264 St aul Ave 
a Bl a I _ Milwaukee 1, Wis 
art Manufacturing ¢ 211 Bartholomew Daven Co 536 W. Mt. Pleasant Ave., 
e., Hartford 1, Conn Route 10, Livingston, N. J 


Haydon Ce A W 234 N. Elm, Water Erie Resistor Corp., Electroni Div., Erie 
bury 20, Conn. 
Haydon Mfg. Co., In 2534 Elm. Tor 


Schenectady 
rington, Contr H ! . ad ‘ N 
Heinemann Electric Co., 99 Plum, Trentor arwk Hindle, Inc., 40 Hermon, New 


2, N. J. (Time delay aS N. J : 
Kellogg Switchboard and Supply C E50 ernational Resistance Co., 401 N. B ' 
S. Cicero Ave., Chicago 38, Ill Mag Philadelphia 8, Pa 
netic Impulse Ma af & ¢ Ir P. R., Indianapolis 
Lakewood Controls Corp., 264 E. Prairie . nd 
eat ta a rie, Ohmite Mfg. ¢ 613 Howard, Skoki: 








il Electric Co Apparatus Sales D 


ani I 
Leach Corp., Leach Relay Div 915 Ava iy “ 
“lon Blvd.” Los Angeles 3, Calif ee I pe ( 307 Marshall, Nort 
MeQuay-Norris Manufacturing Cx 2322 x “Gams ass 
Maven St. Louis 10, M Tru-Ohm Products, Div. of Model Engi 
Magnecraft Electric Cc $2 W. Grand neering & Mfg., Inc., Chicago 18, Il 
Ave., Chicago 51, Ill Ward Leonard Electric Co,, 34 Sout! 
Mercoid Corp., 4201 Belmont Ave., Chicago Mount Vernon, N. ¥ 
41, Il 
Ohmite Manufacturing Co., 3613 Howard, RESOLVERS. See Servomechanism 
Skokie, Til 
Phillips Control Corp 9 W. Washingtor = 
Joliet, Ill f — RHEOSTATS, INSTRUMENT and RADIO 
Potter & Brumfield Mfg. Co., Inc Sut Allen-Bradley (x 1316 S. Second, Mil 
of American Machine & Foundry (C waukee 4, Wis 
Princeton, Ind Amperite Co., Inc 561 Broadway. New 
Price Electric Corp 1500 Church, Frede York 12, N. ¥ Bulb Type) 
rick, Md Clarostat Mfg. Cy Inc Dover, N. H 





BRINGS THE DISTINCTIVE TOUCH | iit eee ne To nen oe 


RCA Electron Tube Div., Radio Corp. of Hardwick, Hindle, In 40 Hermon. New 





America, Harrisor N. J ark 5, N. J 

Sigma Instruments Inc 60 Pearl, South Mallory & Cx In PR Indianapolis 

Braintree 85, Mass 6, Ind 
TO YOUR NEWEST PRODUCT LINE | Siri iyi meta, anima ong ate co, 819 vara, stoi 

kee 12, Wis Il 

Standard Electrical Products Co., 2240 E. Rex Rheostat ¢ sSaldwin, L. I., N. Y. 
Third, Dayton 3, Ohic Tru-Ohm Preducts, Div. of Model Engi- 

Stromberg-Carlson A Div f General neering & Mfg Inc Chicago 18 
Dynamics Corp 117 Carlson Réd., ae Leonard Electric Co., 34 South 

: jall . : ocheste N P ount Vernon, N 
Call on our design specialists to work with you in ee Se teh Dh ’ 


’ ; Newark 4, N. J. RHEOSTATS, PO 
creating skillfully-styled hardware .. . engineered Unies Button & Gigasl Div., Westnet "Is16 &. Beces 


Air Brake Pittsburgh 18, Pa Allen-Bradley Co., 1316 S. Second, Mi 
_ . Ward Leonard Electric Co., 4 Soutl P waukee 4, Wis 
to cost you less. This service covers a wide range Mount Vernon, N. ¥ ; larostat Mfg. Co., Inc., Dover, N. H 
Westinghouse Electric Corp Gateway Cutler-Hammer Inc 1264 St. Paul Ave 
° ° ° ° ° e ° Center, Bldg. No. 3, 401 Liberty Ave _Miwaukee 1, Wis 
of items, including zinc die cast, stampings, plastics yiittsburah Pa : General Electric Co., Apparatus Sales Dis 
eston Electrical Instrument Corr sut Schenectady 5 : 
; : aaa ' f Daystrom, Inc., 614 Frelinghuysen Hardwick, Hindle, Inc., 40 Hermor 
in both compression and injection molding. Also ae. Newark 5, N. J . 
Wheelock Signals, Inc,. 273 Branchport Neon. Electric Controller Co 7070 
j 2 > : me anch 7 slenwood Ave ‘hicago 26 l 
standard decorative and functional hardware in all Wied “Cs, edwin L.”'7530 ‘Thomas Onmite Mts. Gi..36S” Howard, Sok 
Blvd Pittsburgh 8, Pa 
.» renith Electric Co., 152 W. Walton, Chi- Rex Rheostat Co., Bald , iz 
popular finishes. Contact us about your problem. a Fee S.. 2 Chl- tyu-Ohm Products, Div. of Model” Exat- 


neering & Mfg , Inc., Chicago 18, I 
REMOTE CONTROLS. See Push Buttor ao ee oo Co., 34 South 

Stations; Relays and Contactors; Swite ti 7 : 
Source .. eae — neganane ~ : lscenn Westinghouse Electric Corp Gateway 
cure = oe _— Center, Bldg. No. 3, 401 Liberty Ave. 

i Pittsburgh 30, Pa 
. ° RESINS, INSULATING. See Varnishes 

@ Standard and Custom- @ Finished Pressure Zinc Compounds and Resins, Insulating. SINGS, COLLSSTOR 


, ; , t Baker & Co., In 13 Astor, Newark 
Built Refrigerator Die Castings RESISTANCE ALLOYS ‘ ra Pree ious Metal) ee ene 


Driver Cx Wilbur B 1875 McCarter Electro 
Hardware 





s Corp., South Hackensack, N.J 
Highway, Newark 4, N. J General Plate Div Metals & 


J. Controls 
‘ Driver-Harris Cc He son, N. J. Cort 1910 Fores Attlebor« $8 
is daatiiteasiie @ Thermoplastic and Thermo eS tan eae OL donee wy erecious Metal) ee aan 
. . in Midwest Molding é z. Co., Gurnee 9 
——— Setting Plastics —_ oe ee a eee 
i RESISTANCE HEATING UNITS. See ~ 00” 7 M+ P.O. Box 990, Hartford 1 
@ Butts and Hinges ee ene 


Heating Elements and Units Nippert Electric Products (Ce 1759 ; 
* Range Hardware _ Mound Columbus 23. Ohio. “ p 
® Stampings RESISTANCE LINE CORDS Toledo Commutator Co., South 


Owosso, Mict 
General Electric Cc Construction Mate Wi ; 


c 2 ae t ae son Co., H. A., Route 22, Union, N. J 
© Screws and Bolts ®@ Latches and Handles rials Diy., Bridgeport 2, Conn 


Chestnut 


RESISTANCE WIRE. See Wire, Resist paseo Papen intag _ ao 
. ance Associate Spring Corp ste Yon 
© Casters and Glides @ Pulls and Knobs _ Garrett Co., Inc, Geers K. Serrendale 
Ave. at Tolh Philadelphia 3¢ > 
RESISTORS, INSTRUMENT and RADIO National ie ware 40 es 
Aerovox Corp., New Bedford, Mass Newark 5, N. J 


Allen-Bradley Co., 1316 8. Second, Mil Radio Frequency Laboratories, Inc Boor 


| y. si | ie] | y¥ a A @) 24 4 S fe) | a A | 7 asaperits ‘ ee ‘In 561 Broadway, New | nite i Bates Gasket Co., Plastics Div of 





York 12, N. Y. (Bulb Type) The Garlock Packing Co., Camden 
Py PR - a Centralab Div of Globe-Union, Inc N. J 
Rockford, Iilinois Tih iet- lel le- bode RE 414 B. Keefe Ave., Milwaukee 1, Wis. Waldes Kohinoor, Inc., 47-16 Austel Pl 
Clarostat Mfg. Ce Inc., Dover, N. H Long Island City, N. ¥ 
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“ SILECTRON CORES 
Types C, E and 0 


Y’ TOROIDAL CORES 


Nylon and Aluminum 


Y BOBBIN CORES 





The ARNOLD LINE-UP includes the TAPE CORES you need 


APPLICATIONS 


We'll welcome your inquiries on your 
Tape Wound Core requirements for 
Pulse and Power Transformers, 3-Phase 
Transformers, Magnetic Amplifiers, 
Current Transformers, Wide-Band 
Transformers, Non-Linear Retard Coils, 
Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Ele- 
ments, Harmonic Generators, etc. 


ENGINEERING DATA 


For data on the various types of Arnold 
Tape Cores, write for these Bulletins: 


$C-107—Silectron Cores, Types C, E and O 


TC-101A—Toroidal Cores, nylon and aluminum 
cased 


TC-108A—Bobbin Cores 


ADDRESS DEPT. EM-710 
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POSSE SSSSSSHSSHSSSSHHHSHSSTSSSSHSHSSSSSESEHESESSESES 


How to be swre of tape core perform- 
ance and uniformity? Just specify 
and use Arnold Cores in your trans- 
former, magnetic amplifier, reactor 
and computer assemblies, etc. 

Here's why! 

To begin with, Arnold is a fully inte- 
grated company, controlling every man- 
ufacturing step from the raw material to 
the finished core. Then, modern testing 
equipment permits 100% inspection of 
cores before shipment. Finally, you're 
matching your requirements against the 
most experienced and complete line of 
tape cores in the industry. Arnold pro- 
duces Types C, E and O Silectron cores, 
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nylon and aluminum cased toroidal cores, 
and bobbin cores to meet whatever your 
designs may require in tape thickness, 
material, core size or weight. Wide selec- 
tions of cores are carried in stock as 
standard items for quick delivery: both 
for engineering prototypes to reduce the 
need for special designs, and for produc- 
tion-quantity shipments to meet your 
immediate requirements. 


Let us help you solve your tape cor 


problems. Check Arnold, too, for 


your needs in Mo-Permalloy or iron 
powder cores, and for cast or sin- 
tered permanent magnets made from 
Alnico or other materials. 


Wsw6447 
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RIVETS. See Fastene Transicoll ory Ww ester Monitg ery 















































‘ Pa 
AVAILABLE IN™ RIVET SETTING MACHINES 
Pike Mink. Mc Mhaihien woo Ww. SHAFTS, FLEXIBLE 
FOUR TIME RA S | Jackson Bly Bellwood, Ill United States Gasket Ce Plasti Dis 
NGE | Milford Rivet & Machine Cx Milford f The Garlock Pack Co Car 
Conr l N J 
Thomson Mfg. Co. Judson L Dept. D 
7 MINUTES Waltham 54, Mass SHEAVES. See Drives, Be 
14 MINUTES ROLLER BEARINGS, See Bear Ball SHEET METAL FABRICATORS 
— oS Cox Ce H. } 601 Ottawa Ave N.W 
irand Rapids 2, Mich 
28 MINUTES RUBBER and RUBBER PRODUCTS (eunus dae ithe Grice, Chiles 
Acadia Synthet Product Div We I 
56 MINUTES Felt Work 1021-4139 W. Ogad Ave Hoffman Engines EM 
Chica 2 Il Silicone Anoka, Minr sOKE 
Aubur Manufacturing ( 6-I Stack Kirk « Blum 
WITH “HOLD” FEATURE Fe a 
: Haver Cont SHEETS, ELECTRICAL. See Steel, } 
if desired Dow Corning Corp., Midland, M trica 
Sill ne 
Enjay oe 15 West Sist, New York SHIELDING, ELECTRONIC 
Illustrated above: Gener Electric Co., Plastics Dept., Metal Textile Corp Roselle, N. J. (Knit 
= ] Ae MODEL 1-102 (for mounting di- ~_ -dhis Cal acicabers bition 
pe EERE RET T rectly on sheet metal panel) $9.00 a ee sox OTT, WIELDS. ELECTRON TUBE 
Also available in metal box with Johns-Manville, Dutch Brand Products, ypternational Electronic Research ( 
— . or without signal light. 7800 Woodlawn Ave., Chicago 19, Ill 145 W. Magnolia, Burbank, Calif 
ACCH) date — Parker Appliance Co., 17825 Euclid ‘Ave. Magnetic Metals Co., Hayes Ave at 
Clevelan 2, Ohik Camdetr nN. J 
Phoenix Manufacturing Co., Rubber Pri ncaa s ; 7 Sutle ra 
More than just a warning de- a Die deat a ubber Prod- yfagnetics, Inc., Box Butler, 1 
vice, Cissell Time Switches open Raybestos-Manhattan, Inc., Plastic Prod- gyippinG SERVICES 
. .. Or close . . . an electrical a a e Sath Ave.. United Air Lines, Cargo Sales Div,, 86 § 
C | Ia! circuit at the end of a specified Chicago 50, Tl . more Wabash Ave., Chica nl 
time period. They are adaptable 
to a wide variety of mountings SAWS, COMMUTATOR. See Commutator SIGNAL DEVICES 
GUARANTEED for 1 year. Saws and Slotters Crouse-Hinds Co., Syracus N y : 
ar rl 1, . *yle ational 0. 355 Nostner 
Sloan ) Dury We ——_ an —— SCRAPER RINGS. See Rings. Retainer Chicago 51, Ill . 
a i. to prove that we have the und Snap Wheelock Signals, Ir 27 srai 
answer to YOUR time switch cone cna ontams Ave., Long Branch, N. J 
problem. Contact us now for sa” Metshin SIGNAL LIGHT ASSEMBLIES. Se 
detailed information. Lights, Pilot and Indicator 
SCREW MACHINE PRODUCTS. See a 
URRENT TING Fibre; Plastic SILICON DIODES. See Transistor 
CU =NT RATING: AL- t of America. 2241-3 A Crystal Diodes 
TERNATING CURRENT 115 ittsburgh 19, Pa 
or 230 VOLT, 1 H.P. SINGLE : re 
PHASE, 10 AMPERES, INDUC- Oe  * 
TIVE OR NON-INDUCTIVE. cr 1 orga Continental-Diamond Fibre A Sut f The 
judd Co. Newark 13 Del 
rd Rivet & Machine ¢ Milford, Dow Corning Corp., Midland, Mict 
W. M. CISSELL MFG. CO., INC. ri Ce ee ea ee nee Che 
anamiad de (/ Spring srove 2 e i 
831 S. First St., P. O. Box 1143 SCREWS. See Fastener innati 32, Ohi 
Electric Co Silicone Product 
Pater Apolied Fer LOUISVILLE, KENTUCKY SEALING COMPOUNDS. Se Cenat reece i 
Insulating and Sealing; Waxes and ( ion Manufactur , 565 W 
ington Blvd., Ct nl 
j 1 Vuleanized Fib , Wilmin 
_ Circle 423 on page 17 SEALS and TERMINALS, HERMETIC ee ae 
Se E77 Ad Pre juct In Di f Ms N. 1. E nt . : 
> . : ics Cory 118 Libert Sg , t > 
! Fibre Cx Norri wr Pa 
Specialists in | labor, Saylor Fibro Co. Norristown, Pe. 
| . I C ttanooga . 7 Lexington Ave New York 17, N. Y 
. nics Corp., 1830 8. 54th 
seas Glass-to-Metal Seals! I a Route 46. Logi, SILVER and SILVER ALLOYS. Sec 
: ” , Contacts and Conta Point For S 
——Hermaseal aie a ger ee ee Brazing A Silver 
Ele I 691 Central \ Baker & Co., Ir 113 Astor, Newark 
Murr Hil N N J 
‘ ‘ s ( D ME, K Brai ( c. 8 8s W M 
N J V N Y 
CALL US ON STANDARD Co. A Se ae 
7 . ° . s N ushi r Skok 
AND SPECIAL TERMINALS. Hert ‘ Ir Elkha I Me ical Corp., North ¢ 
I I 
I R ( 4 N. Br { al Pla PD Met Y ¢ 
Hermaseal OCTAL Pi i 8. I ‘ 10 For ate Ma 
ug > K ‘ I 8 M A Handy & Harman, &2 I New ¥ 
‘ N. J 8 N y 
I ‘ ‘ w Ww M ry & ¢ I I R India 
J I I 
N ‘ M 0 I H 
» ~ ~ »ta Ss ‘ 
Hermaseal SEALS, MECHANICAL. (Rotary Shaft = ; = A. Monte oh. % 
Crane Pack Cc 6412 Oaktor M 
ated Shing CS. Palate, NS SLEEVE BEARINGS. See B 


A successful pioneer since 


SEALS, OIL and GREASE 
1943 in glass-to-metal seals, , 


SLEEVING, SATURATED. & 


‘ Br Mf ( 84 Ss. K Bra Fabri 
° \ ‘ ago I 
compression (cold rolled Co., Homer Cit 
t S r vy, Pa SLEEVING and TAPE, ASBESTOS 
steel) and matched (Kovar). \ | States Ge nat c P D ' ; ma “seek ene 
to meet your needs. NJ Washington Blvd., Chicago 6,_1 
] Manvi Box 14, New York 
SELENIUM RECTIFIER. See Rectifiers N.Y seo snattan. 1 : 
Hermaseal NOVAL Header and Po ere “uets D Manh« P 


Bracket Assembly. 





SEMICONDUCTOR PRODUCTS. Sce Ree SLIDE ASSEMBLIES 





ctor; Trar r i : : Bed 
——Hermaseal oo Radio Frequency Labora I 
ih 2 : SERVOMECHANISMS (Controls, S$ s ; 
with its expert engineer- at te a oe a fet page oko 
ing staff and the latest in pro- | Automatic Tt & Controls, Inc., Sub. 
duction equipment is ready es oe tries, Inc., King of stip RINGS. See R ‘ 
to serve you. 1 9 











i M SLOT INSULATION. See Fabrics, J 
: aring < uD ng; Mica; Paper, Insulatir I 
I s Manufacturing ¢ Somer eS ath ” 
Hermaseal 10 Kilovolt TERMINAL > N. J a = a 
er oe ae SLOT PEGGING MACHINES, 
. : Helipot’ Corp., Div. of Beckman Instru ARMATURE 
For further information, ts Ir P. O. Box 458, News Chapman Electri Works, P. E 8 
bhone 2-3773 or write: x. oe ae 3 1378 Main A wees Cnous Ave., St. Loul M 
N. J SLOTTERS, MICA. See Commutator Saws 
Oster Manufacturing Co., John, Avior and Slotters 
D Racine Wis 
Servomechanisn Inc Mechatr dD . 
Sais . aaa SOCKET SCREW KEYS and 
THE HERMASEAL COMPANY, INC. 17 Brooklyn “Ave.,” Westbury, 1. 1, SOCKET SeR 
1010 N. Main, Elkhart, Indiana Ss ; peed Co Div Electro- Device Aller Manufacturing Co., 133 SI 
4 Godwir ve *aterson 1 . rtford ( r 
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NOSCO "cAN DO” 


takes mammoth projects an stride 


Take the case of Gould-National Batteries, Inc. 
After personal inspection of many plastic molding 
plants, evaluating engineering personnel and facilities, 
Gould selected Nosco to produce a new line of ten 
stationary battery containers and their covers. Nosco 
“Can Do” started by assigning an experienced sales- 
engineer to supervise and coordinate the program 
and report progress to Gould every two weeks. Twenty 
molds were completed in little more time than is 
usually required to produce one . . . from drawing 
board through chrome plating. Nosco molded the 
containers of acrylonitrile, running several molds 
simultaneously on giant pre-plasticized presses. The 


For other case histories—and for a glimpse of the 


molded pieces were annealed a truckload at a time, 
and decorated by an ingenious method which avoided 
duplication of screens. Finally, solvent dip-testing 
confirmed that the parts would stand up under pro- 
longed field service. 

The Gould-National contract is one more indication 
of the scope of Nosco ‘“‘Can Do”. More than service, 
engineering, and production know-how, Nosco “Can 
Do” includes the financial ability to carry large tooling 
and warehousing programs. 

When awarding your large plastic parts program, 
call on Nosco “‘Can Do”’. 





The first step is to write 


NOSCO plastics, inc. - erie 4, pa. 


World’s largest injection molding plant 


Nosco plant and facilities, send for the free 12- 
PLASTICS page brochure, ‘‘How the Nosco Plant Works to 
Produce Your Needs in Practical Plastics.” 
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Bristol ¢ Socket Screw Di Water- SPEED REDUCERS and DRIVES 

bury 20, Conn For Motorized Units, see Motors. 

Standard Pressed Steel ¢ Jenkintowr Allis-Chalmers, Milwaukee 1, Wis 
, Bowmar Instrument Corp., 2415 Pennsyl 


ania t . Wayne, a 
SOCKETS and ADAPTERS, RADIO, See ,.,{2i* Ave., Ft. Wayne, Ind. ule 


x 3 Plu i Recepta M 
ton Mfg 0., 1am « Div 3307 
F R Ry a | SOCKETS and RECEPTACLES, Lamp Paton Mfg. Co. Dynamatic Di 
Alcor Manufacturing ce 4444 Ww General Electr ‘ Apparatus Sales Div 


Roosevelt Rad Chicago 24 I Schenectady 5, N. Y 
, se: Arr Hart & Hegeman, Electric Co., 10 Janette Electr Mfg. Co., Morton Grove 
Production quantities of ate se aaa ae ; 









Hawthorne, Hartford 6, Conn I 
es Automati Electri Sales Cory North Reeves Pulley C Columbus, I 
mu em eee mL rs ake, Il 
F Circle F Mfg. Co., Trenton 4, N. J SPRINGS, COIL and FLAT 
from stock dies... Dialight Corp., 44° Stewart Ave., Brook _— hk . 
n 87. N. ¥ Accurate Spring Mfg. Cc 3817 W. Lake 
Drake Manufacturing Co., 1711 W. Hut Chicago 24, Til ‘ 
bard. Chicag 92, Til American Spring and Wire Specialty C« 
General Electric ¢ Construction Mate 816 N. Spaulding Ave Chicag ) iil 
rials Div Bridgeport 2, Conn American Steel & Wire Div a S. Stee 
Pass & Seymour, Ir Solvay Station, Sy Corp., Rockefeller Bidg., Cleveland 1 
racu 9 N y Ohio 
United on tasket Co lastics Associated Spring Corp Bristol, Conr 
f The Garl k Pa king co Cal at Sarnes Co., Wallace, Div. Associated 
N. J : Spring Corp., Bristol, Conr 
Barnes -Gibson-Raymond Div Associate 
SOCKETS, FLUORESCENT. See Fluores Spring Corp 40300 Plymouth Rd 
ent Lamp Auxiliaries. Plymouth. Mich. 
: Chatillon & Sons, John, 85 Cliff, New 
Ye 3 = = 
SOCKETS, VACUUM TUBE Dude i tak: Urine Mite. Co, 4018-0 
Ampher I ronics Corp., 1830 S. 54th Grand Ay Chicago 51, I 
Ave Chi } Til Dunbar Bros, Co. Div Associa Spring 
M alex Corry of America, Clifton Blvd Corp 3 tol, Conr 
. ;. clift y. 2 Garrett George K Torresdale 
United States Gasket C Plastics D Ave Philadelphia 3¢ > 
Over 100 Brush Cap Sizes * Molded from Stock Dies 





f The Garlock Packing Co., Camden 1 Gibsor iam D., Div Associated 












N J Spring Cort 1800 Clybourn A Chi 
. ° ago 14, Il 
With or without Inserts ¢ Internal & External Thread — .oovey screws. seo pastenn ciinon "Biecttie o.,, Old Wm. Pen 
SOLDERING COMPOUNDS Hunter Spring Co., 32 Spring Ave., Lans 
\ i a lale 
Over 50 Brush Holder Sizes © Molded Nylon or Phenolic  ““(tuxes, Paste, Liauids. Salts, ete.) tnittttind Go., Ine., 244 B 
Chase Brass & Copper Cc Sub. of Ken- gen Falls, N. J Bery 
ecott Copper Corr Waterbury 20, Conn. lium, Copper ‘ 
Essex Wire Cort Wire and Cable Div., Lew Spring & Mfg. Co., 2646 W. North 
Fort Wayne, Ind Ave., Chicago 47, Il J 
General Electric Co., Apparatus Sales Div Ohio Di A ciated Spring Cort 2 
Schenectady 5, N. Y. E. 1st, Dayton, Ohio L 
Handy & Harman, 82 Fulton, New York Raymond Mfg. Co., Div. Associated Spring 
8 N.Y Corp., Corry Pa 
Kester Solder Co., 4209 Wrightwood Ave 
eee el oe. si co. Inc., 1587 North STAINLESS STEEL. See Steel, Commer 
t Awe., Melrose Park. I cial Forms and Grades 
Nationa Lead Ce lll Broadway New 


York 6, N. ¥ STAMPINGS, METAL 








f Accurate Spring Mfg. Co., 3817 W. Lake 
peooucrs ' i SOLDERING EQUIPMENT Chicago 24, Ill 
© > , (irons, Machines, ete.) Aluminum Goods Manufacturing Co., Ma 
ra ex ‘o maratue Sale towoc, Wis 
General E rie ¢ a ee 5a D American Spring and Wire Specialty Ce 
. justrie ‘ 100 ork ‘ 816 N. Spaulding Ave., Chicago 51 
go TL - a a Auburn Manufacturing C 06-I Stack 
ss trie ee jlletown, Conr 
\ an | ic Co., Danve 2, Ma B D i asa 
p ( 
SOLDERLESS CONNECTORS. See Cor B 


” Wire and Cable 








SOLDER PRE-FORMS, See also Brazi: pper Co., Sub. of Ker 
A ys, Silver necott Copper Corp., Waterbury Conr 























Handy, & Harman, 82 Fulton, New York ee 
_— : Du Bros. ¢ Div. Associated Spring 
orp Brist Conr 
SOLDER, SELF-FLUXING a ; Co., 27 Wright, Newark 5 
For Silver Solders, see Brazing A 
Kester Solder Co., 4209 Wrightweod Ave r Corp., ¥ ronics D Erle 
Chicago 39, Ill 
ndon Chemical Co., 1537 Ist Ave., 1 Tool ; 09 
— ee aT . P Alabama Ave., Minr olis 16, M 
National Lead Co., 111 Broadway, New Fryling Mfg Pa - #7 
r ¢ Garrett ( r George rres 
—_ ae dale Ave. at Tolbut, Pt sdelphia 36 
SOLENOIDS Gibson Co., William D., Div. Associated 
E Allen-Bradley C 6 S. Secor M Spri Corr 1800 ¢ t r A Chi 
Over 40 Commutator Sizes ¢ With or without prongs "suk 2777 Mannheim Heyman Mfg. Co., Kenilworth 1, N. 3 
Rad Ilseo Corp., Dept P 7 Madison 
Automa le Corp., North Rd Ciocinnatl 2 c 
i i lake Kirk and Blum M ( 22 
Customolded Segmented Commutators & Slip Rings | ,js*. en, a — 2. 
Flor! Lewis Spring & Mfg. Co., 2646 W. North 
Cannor pt. 500, 3209 Hun Ave Chicago 47, Il 
; ' ; t it 31, Calif Ma To and Manufacturing ¢ 4021 
Write for size chart or send blueprints for quote = ..%\' 349° Addison Wo Take, Chicago 24, Tl 
( a Merkle-Korff Gear Cx 211 N. Morgan 
Contr o nerica 9551 Soreng Chicago 7, I 
Ave Schiller Park Ih Mohawk Mfg. Co., Middletow Conn 
Cutler-Hammer, Inc 1264 St. Paul Ave Threaded 
Milwaukee Wis Div., Associated Spring Cort 712 
Detroit Coil ¢ 2435 Hilton Rd., Detr ast First, Dayton, Ohio 
2 nd Mfg. ¢ Div. Associated Spring 
ONE SOURCE FOR ALL 3 MOTOR COMPONENTS ee eS, 9 ee a Park 
Apparatus Sales Di Ave New York 17 
Over 30 years experience and specialization in Y Shakeproof Div. of Illinois. Tool Works 
1627-L W Walnut St. Charles Rd., Elgin, 
die-making and molding backs Triple M production Sylvania Electric Products, Inc., 174¢ 


Cort o915 Ava- adway, New York 19, N. ¥ 
Calif United-Carr Fastener Corp., Cambridge 
Webster, Dayton 12, Ma 


Wenco Mfg. Co., 1136 West Hubbard, Chi 


MeQuay-Norris Manufacturing Co., 2822 cago 22, Ill 
2 J Marconi, St. Louis 16, M Wt tntan te ectenteriue andes Go. 1712 
v2) oY Oak Mf . 1258 Clybourn Ave., Chi W. Arcade Pl. Chicago 12, I 
1 0, Il 
Phillips Control Corp yW. Washingtor ’ ; 
& MANUFACTURING COMPANY Joliet, I STAMPINGS, NON-METALLIC 





















R-B-M ‘Contr Div., Essex Wire Corr Auburn Manufacturing Cx 306-I Stack 
Logansport, Ir c Middletown, Conn 
Trombetta Solenoid Corp 329 N. Mil- Continental-Diamond Fibre, A Sub of The 
” waukee, Milwaukee 2, Wis 3udd Inc., Newark 1 De 
Chicago Phone: Dickens 2-0777 West house El rie Corp., Gateway Ford Radio & Mica Corp 536-540 63rd 
a Bldg. No. 401 Liberty Ave Brookly nN. 2 
Long Distance: ONtario 2-1320 Pittsburgh 22, Pa. Fryling Mfg. C Erie, Pa 





Richardson Co., 2799 Lake, Melrose Park 
SOUND and VIBRATION METERS Stabiin Beethers Fibre Werks, Yes., Deo* 
Hickok Electrical Instrument Co 10514 E. Belding, Mich, 
PLASTICS . rooLinc - COMPRESSION - INJECTION Dupont Ave., Cleveland 8, Ohio 





STARTERS, FLUORESCENT. Seo | 
SPEED INDICATORS. See Tachometers rescent Lamp Auxiliaries 
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Indiana Hyflux 1-piece wound core 
(left) used in the new NECO 
Distribution Transformer (right). 
1-Piece core permits faster assembly 
of transformers ... reduces 


production costs. 


Indiana Hyflux 1-piece transformer cores 
are more efficient ...reduce electrical losses 


... says Leo Rodems, President, Northern Engineering Co. 


Northern Engineering Company, 
Baraboo, Wisconsin, manufacturer of 
NECO distribution 


have redesigned their product to use 


transformers, 


Indiana Hyflux l-piece wound cores 
which consist of just one piece 


with one re instead of two 


pieces with two gaps oe (as in 


conventional C-type cores). 


Mr. Leo Rodems, Northern Engi- 
neering’s president, reports that the 
Indiana Hyflux 1-piece 
more efficient, uses lower excitation 


currents, has lower electrical losses, 


core is far 





1-Piece cores are flexible and may be 
readily spread apart for winding assem- 
blies ...in volume production, spreading 
is accomplished by means of a simple, 
inexpensive, mechanical, spreading unit. 
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and permits reduction of the over-all 
size of the transformer. 


Mr. Rodems also states that North- 
ern Engineering is using Indiana 
Hyflux 1l-piece wound 
cores to rebuild trans- 
formers...and finds it 
easily possible to increase 


greatly the capacity of 





older transformers. han Skane hee: 


Northern 
Engineering Co. 
More and more transformer manu- 
facturers are finding that the simplified 
l-piece design of Indiana cores sub- 
stantially reduces transformer assem- 


bly time, and permits important 


assembly cost reductions. And inas- 
much as vacuum impregnating is not 
necessary, the 


electrical losses that 


THE INDIANA STEEL PRODUCTS COMPANY 


might result are eliminated... (only 
the sides of these 1-piece cores are 


varnished ). 

With C-cores, the two halves must 
be kept and used together to insure a 
flush fit of their ground pole faces, 
but with Indiana l-piece cores, there 
is no chance of mixing different pairs 
of halves. And the slight “tilt” some- 
times present on the ground pole faces 
of C-cores is not a factor. 


1-Piece wound core catalog 
This 
details covering the design and de- 
velopment of 
l-piece wound cores. 5 
Request Catalog 14-B10 _— h) 
(or ask for a call by an a, 


a ot 
a 


a GS 


8-page catalog gives complete 


Indiana 


Indiana Sales Engineer). 


INDIANA 


VALPARAISO, INDIANA 


PERMANENT MAGNETS OF ALL KINDS. 


HYFLUX 1-PIECE CORES 


In Canadc . . 
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. The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 








> 











fractional horsepower 


at its 
finest! 


choice of leading manufacturers 


Don’t gamble with the success 
of your product! By careful 
analysis and testing together 
with RAE engineers you can 
assure the right motor for 
your needs. 

RAE offers outstanding serv- 
ice and quality in a large 
variety of motors in voltages 
up to 250, and up to 4% H.P. 
(higher for intermittent duty) 
with many gearhead motor 
combinations. Let us show 
you how these advanced mo- 
tors, now in such big demand, 
can improve your product 
and reduce your costs. 


Send for the ‘‘RAE"’ service sheet. It 
will help you supply the data neces- 
sary for recommendations and prices. 


AC/DC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 
Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
Motors for Electronic Control 


Permanent Magnet Motors and 
Gearmotors 


R G@@ motor corp. 


2009 Kewaunee Street 
tla Me tte iia! 
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STEEL CONSTRUCTION 


OIL-TIGHT 


PUSH BUTTON 
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ENCLOSURES 


Immediately available in ten stand- 
ard sizes to accommodate from one 
to twenty-five push buttons. 


@ Patented push button openings will fit 
all standard makes of oil-tight units. 


@ Conduit connections may be made at 
any location you specify. 


@ Absolutely oil tight, water tight, dust 
proof. No knockouts or holes in this 
heavy 14 gauge sheet steel box. All 
seams welded. Mounting feet are ex- 
ternally attached 


@ Neoprene sponge gasket provides posi- 
tive cover seal. 


@ Unique sliding hinge will hold cover in 
open position if desired. Cover screws 
ore captivated. They thread into closed- 

end steel ‘‘Rivnuts’’ located 

in box flange. Cannot leak. 


Circle 429 on 


First of its 
kind on the market! 


@ Pendant type, flush cover 
type and other special en- 
closures also fabricated. 


@ Painted attractive gray ham- 
mertone enamel. 


@ REASONABLY PRICED! 


ENGINEERING 
CORPORATION 


ANOKA, MINNESOTA ae 
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STARTERS, MOTOR. See Contr 
Motor; Push Button Statior 


STEATITE. s Ceran 




















STEEL (Commercial Forms and Grades 
\ \ 
B B 
Ca ‘ 
‘ i Db 
I I 
St e N 
‘ RK in 0 
Sheet ‘ Striy s 
Tut I 
See Ste El rica 
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(Sheets and Strips) 
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Art } eer ‘ s 8 M 
wauk oc 
Eraser ¢ I 6s SS. € Ss 
Bi 
H b Industr Inc 1 I Sy 
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Baldwin, L. I N..7 





A Di f General D 
a ‘ 7 Carl Rd., Rochester 
N Y 
r wc & B ‘ Ir 8 Butle 
I ett N. J 
I St Gasket Co Plasti > 
f The Ga k Packing ¢ Can 
N. J 
STROBOSCOPES 
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Dupont Ave Cleveland 8, Ohic 
SWITCHES, AUTOMATIC and MANUAL 
Float (Liquid Level 4 
Limit Snap- Actior (B 
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Mercur D 
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Therma F 
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\ Chalmer Milwaukee | WwW KS 
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Rd., Des Plaines, Tl 
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4 ma Sw Co 0-M Har K 
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Crossbar 
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Crystal Lake, Il ° 
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n Blvd Los Angeles Calif 
Leland, Ir G. H., 123 Webster, Da 
Ohio 
Littelfuse, Des Plaines, Tl 
Lux Clock Manufacturing Co., Ine W 
bury 20, Cor G 
MeQuay-Norris Manufacturing ¢ 2 
Marconi., St. Louis 10, Mo. (EJ 
Mallory & Cx Ir Yr. B India 4 
Ind. (GNPSWY 
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ABCDEF) 
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the reliability barrier 


As jet planes and missiles leave old barriers behind, 
electronic components find ever-tougher barriers of 
reliability ahead of them. Those designed for yesterday 
are already obsolete, those designed for today will soon 
be. But IRC resistors are ready now to leap ahead of 
tomorrow’s new barriers. Designed ahead of their 
time, they are also produced by ‘‘ahead of their time’”’ 
processes and quality control techniques. This pattern 
of progress makes IRC reliability a standard unto 
itself—a standard that is yours on the widest range of 
electronic components in the industry. 


There is nothing theoretical about the IRC standard 
of reliability. In most of the major avionic progress- 





iH projects, it is being proved out by rigorous field tests. 
i It is also apparent in the way IRC resistors withstand 
tt extreme temperature, humidity, and mechanical con- 
ty ditions. It is evident, too, in resistance to shock and 
MY vibration . . . in improved shelf life . . . in the way IRC 
4 resistors consistently surpass MIL spec requirements. 
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INTERNATIONAL RESISTANCE CO. Dept. 225,401 N. Broad St., Phila. 8, Pa. 
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RF50 MIL-R- 10683A 
COMPUTER COMPONENTS Pressure Transducers Packaged Custom Networks Integrators Magnetic Amplifiers 


Digital logic Elements Differential Transformers Static Switches Shift Registers 
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NEW DESIGN 


and 


PRODUCTION 
cab 
‘v2 ¥ = 





through 


HIGH HEAT 
DISSIPATION 


*% Cut Costs over conven- 
tional designs yet still 
improve quality 


7 Provide superior shield- 
ing—totally encased con- 
struction 


*% Longer Life — potted to 
withstand severe humid- 
ity conditions 


* Highest commercial qual- 
ity appearance 





We invite your inquiry. 





i Generat "Transrormer Company 


serving industry since 1928 


18240 Harwood Avenue, Homewood, Illinois 


(Suburb of Chicago) 


SPADE : + 
url 


| 


SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL. FINISH. 
QUANTITY, OR TO YOUR SPECIFICATIONS 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 
Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS © SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22, 1LLINOIS 
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M Sw A Div { Minneapolis 
Honeywe Regulator C¢ Freeport, I 
BDFLSW 

Oak Mfg. ¢ 258 Clybour Arve Chi 
cag lt 1 NWZ 

Ohmite Mfg. Co 61 Howard, Skokie 
I NS 

Pass & Seymour, I Solvay Station, Sy 
acuse nu, 7 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, I 

Cc r D Essex W Cort 
port, Ir 
tshaw-I n Contr Co 4 D 
‘ imbu t Oni B 

SI er Ti t D Meta & Cor 
r ( ) Forest Attlet 
Mass Ek 

Square D ¢ 4041 N. Richards. Milwa 
kee 12, Wis ABCEFLOPR 

Stackpole Carbon Cx St. Marys, Pa P 

Strombe Car D {G Dy 
ar Cort a Rd ester 

N. ¥ 
Switchera Ir 8 N. H t Chicag 
I N 
r Electr & Machine Work oom 
Jefferson, Chicago 6, Il Ss 

Tora gineered Pr« ts, Int 34 W 
Monroe € rd, Ohio (V 

Unimax Div., The W. L. Maxsor 
Cory Wallingford, Conr dD 

Ward Electric Co 1 South 








M 2 CGHOR 
Westi ectric Corp Gateway 
Cer N 401 Liberty Ave 
Pittsburgh 30, Pa ABCDEFGHLOPS 
Zenith ectrie ¢ 152 W. Walton, Chi 
cago 10, I HR 


SYNCHROS. See Servomechanisms 


TACHOMETERS 





Brist ( Waterbury 20, Conr 
General Electric ¢ Apparatus Sales Di 
Schenectady N. 
lustrie Ir 1008 Park Ave 
re, I 
Electric & Engineering Co., 24701 
A Cleveland 17, Ohi 
rlectrical Instrument Cory A’ Sub 
ystror Ir 614 Fre inghuyser 
Ave Newark 5 N J 


TAGS, TERMINAL and 
IDENTIFICATION 


nd & Tag ¢ PrP. @ Box 
ewport Ky 








07 Randolph A Wood 
J 
ntir ( k 
N. ¥ 
I Meta al N h ¢ 
a I 
Mallor & ¢ I I I Indianay 
Ir 
TAPE, ADHESIVE and COIL 
FASTENING 
rmstrong Cork ¢ 009 Ingersol, Lar 
1 ‘ 0 Howard 


Corp., 565 W 

vd., Chicago 6, Il 

Dutch Brand Products 
Ave., Chicago 19, Ill 

*olyken Sales Div 309 W 

Chicago 6, Ill 
& Mfg. Co 
900 Fauquier 


nufacturers 
sivd b 


Electrical 
Ave., St 


Yorp., State Highway 25 
xk WN. 2 











TAPE, FRICTION and SPLICE 
Insulatior Manufacturers Corp 565 W 
ngton B Chicago 6, Ill 
Irv Minnesota Mir : 
Argyle Terra Ir 
J 
Tot Box 14, New York 16 
Johns-Mar Dutet Brand Product 
7800 Woodlawn Ave., Chicago 19, Il 


Kendall Co Polyken Sales Div 309 W 

Jackson Blvd Chicago 6, Il 
finnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier 
Pa 6, Minr 


4 


Electrical 
Ave., St 


TAPE, INSULATING. See Fabrics, Ir 
ating; Sleeving and Tape, Asbestos 
Tape Friction and Splice Tape and 
Sheeting, Synthetic Resin 
TAPE, MAGNETIC RECORDING. §S 


Magnet Recorder Component 


TAPE, MICA. See Mica 

TAPE and SHEETING SYNTHETIC 
RESIN 

Borden ¢ Resinite Dept Santa Bar 


bara, Calif 
tal-Diamond Fibre, A Sub. of The 
a Newark 1 Del 











le Nemours & (x Ine E. I 
s Div Polychemicals Dept Wi 
s D 
Electri Chemical Develop 
y 5 Ww 
" 0 Il 
r Di Minnesota Mining & 
an tu ( 9 Argyle Terrace 
Irvir r 
Kendall Ce Div 309 W 
Jacksor f Til 
Minnesota i Electrica 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minr 
Natvar Corp 207 Randolph Ave Ww 
bridge N. J 








New Jersey W I ishing ¢ 
Insulation Ip pt Woodbridge 

Raybest Manhattan Inc r 
u Div Manheim, Pa 

Shar I ‘ Ww Ss 617 W Jef 
fersor Culver City, Calif 

United State Gasket Cc Plasti Div 
f The (rarlock Packing ¢ Camder I 
N J 

TAPES, MEASURING 

Keuffel & Esser ¢ Hobok N 

TELEPHONES 

Crouse-Hinds Cx Syracuse N. ¥ 

he Switchboard and Suprf i 6650 
Ss. Cicero Ave Chicago 38, I 

National Pneumat ‘ Ir Holtzer 
Cabot Di Amory Boston 19 
Mass 

Stromberg-Car A Di f General 
Dynami Cort 17 Carlson Rad Ro 
hester N. ¥ 


TEMPERATURE CONTROLS. See Con 
trols, Pressure and Temperature; Relays 
Switches Thermometer Thermostats 

TERMINAL BLOCKS. See Strips 

TERMINALS. See Lug ind Terminale 


TESTING CHAMBERS. See 


Chambers 


Test 
TESTING INSTRUMENTS. See Instru 
ments Also Tools, Portable 


THERMAL SWITCHES. See Switches 
THERMISTORS 


Electric ( Metallurgical Prod 
pt., 11131 EK. & Mile Awe., De 
troit 32, Mict 


General 






























THERMOCOUPLES 

Assembly Products Ir Chesterland 14 
Ohio. 

Baker & Ce Ir 11 Astor, Newark 5 
N J 

Bristol aterbury 20, Conn 
era ‘ Apparatus Sales Div 
Schene 5. N. ¥ 

Rockbestos ducts Cor New Haven 4 
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West Use Electri ( Gateway 
oe Bldg. N¢ 401 Liberty Ave 
P urgh 30, Pa 

We 1 Electrical Instrument Cort A 
sub, of Daystrom Ine 614 Freling 
huysen Ave Newark N. J 

Wheelco Instruments Di tarber-Colman 
‘ 1403 «kford, I 

THERMOMETERS 

Assembly Products, Ir Chesterlar 4 
Ohi 

Bristol Co.. Wa 

Weston Electrical 
of Daystrom Ir l 
Ave Newark N. J 

Whee Instruments Div. Barber-Colmas 
Ce 1403 Rock, Rockford, Ill 


THERMOPLASTIC WIRE. See Wire and 





Cable, Insulated 
THERMOSTATIC BIMETALS 
Baker & ¢ I 11 Astor, Newark 
J 
nin ¢ ( Ss 18 Washingtor Mt 
nor N Y 
1 ¢ I Rad Waterbury 
(Conr 
eC Ww. M 08 FT A De 
roit 9. Mi 
‘ eral Plate D Metals a ‘ trols 
Cort 1 Fore Attlebor Ma 
Wils ( H A Route I yn 
N J 
THERMOSTATS 


Sarber Colm Co., Dept. V, 1203 Rock 


Rockford, Ill 
Bristol Co Waterbury 20, ¢ 
Cur 
bh 








s-Wright Corp., Carlstadt, N. J 
n Industr Thoma A Instru 





ment Div McGraw-Falison Ce West 
Orange N J 
Fenwal, In 110 Pleasant, Ashland, Mass 
G-V_ Control Ir 8 Hollywood Plaza 
East 


N. J 
General ric Ce Apparatus Sales Div 
Schenectady 5, N. Y 











Hart Manufacuring Co 211 Bartholomew 
Ave Hartford 1, Contr 

Mechanical Industries Production C 211 
Ast Akron 8, Ohit 

Meret cr 4201 Belmont Ave., Chi 
age 41 


ton Controls C¢ Acro Div 


Robertshaw ) 
Ohio 


mbus lf 








Colt 

pencer Thermostat Div Metals & Con 
trois Corp 3610 Forest Attlebore 
Mass 

Stevens Mfg. ¢ Inc Lexington and 
Mansfield, Ohio 

Still-Man Manufacturing Corp., 429-33 B. 


64th, New York 56, N. ¥ 








Torq Engineered Product Inc., 34 W 
Monroe Bedford, Ohit 

Westinghe Electric Cort Gateway 
cs r ldg. N 401 Liberty Ave 
i t 3 Pa 

Whe Instruments Div Barber-Colman 
‘ 0) Re Rockford, Il 

Wiegand Co Edwir L 7530 Thomas 
Bivd Pittsburgh 8, Pa 


TIMERS, MOTOR 





AEMCO, I 50 State, Mankato, Minr 
Allen-Bradley Co 1316 S. Second, Mil 
waukee 4, Wis 
Automatic Timir Controls Ine Sub 
of Safety Indust Ir King of 
Pru 6, Pa 
Bri 1 « Waterbury 20. Conr 
ELECTRICAL MANUFACTURING 
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ELECTRICAL PROPERTIES 


Superior insulation 
at moderate cost 






Dielectric Strength— 
V /Mil—Short Time 






























Initial 


6102-005 600 500 
6103-010 500 >400 
6103-014 500 406 
6103L-020 500 400 
6103L-030 500 400 












Test 
Specifications 4” Electrodes 
*Determined after 2°, elongatior 











*After 6 mos. 


(a 150°C. 





ASTM D-295 55T 


resulting from bencing around a mandrel 





Factor (@ 25 


oO 


Dielectri Dissipation 


5°C ] 10 10 10 
Cy les 








500 6.5 ( 3 0.030 0.025 0.020 
p 5.4 440 .0.030 0.025 0.020 
2S 4.7 0.050 0.035 0.027 0.025 
ss 4 030 0.025 0.020 
ea 





0.020 











“Lecton” coated fabrics unaffected by “Freon-22” in 
Westinghouse 40-hp refrigerant-cooled hermetic motor 


Du Pont “Lecton’’* acrylic resin- 
coated fabric has proved to be un- 
affected by ‘“‘Freon-22”’ in hermetic- 
motor application at Westinghouse 
Electric Corp. Since the beginning 
of 1957 their Air Conditioning Di- 
vision has used ‘“‘Lecton”’ coated-fab- 
rics insulation for slot liners, phase 
separators and wedges in 40-hp re- 
frigerant-cooled hermetic motors. 
Westinghouse is satisfied that ‘“Lec- 
ton” fabrics exhibit the high stand- 


DU PONT INDUSTRIAL 


ards of performance required to meet 
A.S.R. E. Group 4 conditions. 

Westinghouse finds that ‘‘Lecton”’ 
fabric is strong and pliable, easily 
folded and inserted in stator slots. 
*‘Lecton”’ has proved its superior re- 
sistance to Freon** refrigerants, yet 
costs little more than material pre- 
viously used. 

Du Pont produces “‘Lecton’”’ in a 
variety of forms and thicknesses. All 
are strongly resistant to refrigerants, 


***LECTON" Du P 


trademarks f ta fluorinate 


**FREON and combinatir fF 


oils, solvents and moisture — can be 
used continuously at temperatures to 
300° F. Humidity has little effect on 
their dielectric strength. 


FOR COMPLETE DATA on properties 
of “‘Lecton”’ and how it may help 
you improve your designs, mail the 
coupon. If you manufacture electrical 
equipment, let us know: we'll send 
you a sample. 


COATED FABRICS a a 


SHEET STOCKS - 


OCTOBER 1957 


CEMENTS 
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n Klectricé trument Corp., A 
f Daystron I 614 Frelinghu 
Arve Newark N. J 


We 


TRANSFORMERS, POWER CIRCUIT 


Allis-Chalmers, Milwaukee 1, Wis. 
Chicago Standard Transformer Corp 
Addisor iicago 18, Ill 

i 3349 Add 


ontre Box Butler, Pa 

Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1 Wi 

Dano Blectri ( 13 Main, Wir 
Cont 


Dormeyer Industries, 3414 Milwaukee Ave 


FUSE pustt is ‘ ‘ : Chicago, Til 
tet Electran Mfg. Co 1901 Clybourn Ave 


facturing Cx K at Chicago 14, Il 
CUTOUTS bur ) General Electric Ce Apparatus Sales Di 
y 1201 Belmo a Schenectady oe 
‘ : : General Transformer Corp., 18240 Harw 
eee re »., 404 is 1 Ave., Homewood, Ill 
Hevi Duty Electric Co., Milwaukee 


THE MULTI-UNION : eee ae aa ; 
LINE IS THE ACCEPTED So. — in 1 con Rd., Rochester Nothelfer Winding Laboratories, P.O. 1s 


> Dept ton 3o 


W STANDARD OF Rear Dept, 01, ‘Trenton SNS. 
INDUSTRY t Verno Y . of America, Harrison ts a : 
; . t ; Sola Electric Co 1633 ith, Ct 
ee er Bldg. No l n é 50, Tl 
p r ‘ : tandard ectrical Products Co., 
INDUSTRY DEPENDS oe we iz s i ! Product 


ON MULTI FOR age 1¢ T ‘lectric & Machine Works 


‘ON TIME” TIMERS, SPRING ACTUATED nited Transformer Co., 150 Varick 
DELIVERY Elgin Nat Watch Co., Microni oes 6454 Plyt 


I I ‘ ectric Corp 
t suis 14, Mo 
Electri Corp Ga 


WRITE FOR : \ 1 TIME SWITCHES. s witehe eee ie No. 3. 401 Liberty 
CATALOG : TOOLS, PORTABLE en a 


Topay. \ , a parber Comment ¢ tl ate a enone k. TRANSFORMERS, VARIABLE 
cae, ae VOLTAGE 


Quincy | me 

; Comar Electr 3349 
Chicago 18 

Elect f 01 Clybour 


99 


*-* 


seph 
Chica 
Hevi Duty ectr ( Milwaukee |! 
y >g RCA Electror e Div Radio Cort 
Ine 2 e! Amer al I N. J 3 
(Terminal Tools Standard Electrical Produets Co 
Supply Div ed Third, Daytor Ohio 
208 8 : 
TRANSMISSIONS and PULLEYS 
. VARIABLE SPEED 
TRACING CLOTH, FILM and PAPER : Couplit 420 
Keuffel & Esser Ce Hoboken. N. J Ls ; ' oe 1 tl 
Ozalid, A D f General Aniline & Filr 


ELECTRIC MFG. INC. an aera ene ares TRANSISTORS and CRYSTAL DIODES 


3 TRANSDUCERS, PRESSURE Yevite Transistor Products, 241 Cre 
eee ei Ones See ae ie oer ee. aE a 


Ine King « " : . = ne ae a nme and Te 
Circle 434 on page 17 ect ’roducts Laboratories, Inc — oy re — — D 
taver od f ‘hicago 4 owe ae ; a a 
Z pechaten Di ES ee eaten aaneoe’ 
a : Germanium & Silicon Transistor 
Westbury, L. I., N Hoffman Semiconductor Div. of Hoff 
Electroni 30 Pitner A 
TRANSFER SWITCHES. Sex : Evanston, I 
Internationa tectifie sorp 15 


Daven’s new winding technique —"*ss2"statosmes wo SESS ES 


TRANSFORMERS, ELECTRONIC Hughes Products, Semiconductor 


Internatior 


cuts giants down to size rae ae he eee 


for MAXIMUM RESISTANCE IN MINIMUM SPACE 


These fully encapsulated, miniature, precision wire wound 
resistors utilize a new winding technique that permits the use 

t Tele e and Rs % i 
of extremely fine resistance wire to obtain two or three times ' ional akan’ a 1 rel 


100 Kingsland Rd., Cliftor 


the resistance value previously supplied on a miniature bobbin. Seneral "Traformer Corp” 18846 Flare 
‘ Homewood, TIl TUBE PARTS 
Windi Laboratori¢ » ror Tube 
Wattage % | Dept. 101. Trentor 


Length Max. Res Rating F hme hae ee TUBES, CATHODE RAY 
Laboratories, Ir 


(Electronic) 


Components 


400K 1 i ectr 1 W. 16t “hi > 
400K 1 é rd lectr il Products rene 
Ohio 
100K 1 rex uments Incorporated 
em t Dallas 9, Texa 
> Meg J ted Transfor ( 150 Varick, N 
= TUBES, ELECTRON (Industrial) 
1.0 Meg t r ‘ Broadw 
TRANSFORMERS, BALLAST. Se ee ices 
r ent sami \uxiliarie " > 
t Laboratoric Ir Allen B 
lox ld t i N. J 
TRANSFORMERS, INSTRUMENT tel ‘ull t San Bruno 


\ CURRENT hnee San Sat: Gee Ae 
THE co. Chalmers, Milwaukee 1, Wi 
ssociate Research Ir ’ ; Federal Telep e and Radio Co 
ago 18, Ill International Tel ne and T 


Livingston, New Jersey = ain tandard Transformer Corp.. 3506 Corp., 100 Kingsland Rd., Clifton 
n 18, 1 General Electric Co., Tube Dept., S 


I 


he ron Tube 
Mair ae es ‘o ternationa 
no 4 Calif 
* Mfg. ¢ 1901 Clybou P t ect q iv Radio ¢ 
3 . hica 14 Ill merica ’ 
Write for Complete Data ‘ane: ‘ eder elephone and Radio ( Div. of Sylvania 
and Catalog ae International Telephone and Telegrap! Broadway 
7 ’ = Corp 100 Kingsland Rd., Clifton, NJ Westinghouse 
General Electric Co., Apparatus Sales Di Center, Bldg 
Schenectady aie Pittst 


y ne i Fars ar General Transformer Corp., 18240 Harwood 
og a iy gage BES, METALLIZED GLASS 


Sola Electric Cr 4 W. 16th, Chicag nation 
+ a r aca 
\ esting se Electric orp Gateway 


WORLD’s LARGEST MANUFACTURER OF ATTENUATO er Sh ee 101 Liberty Ave. TUBES, PHOTOELECTRIC. See P 


ele Cells and Tubes 


428 Circle 435 on page 17 ELECTRICAL MANUFACTURING 











FOR BETTER BENCH 
MOCK-UP TESTS ! 


KATO 


TT er Ts 


MOTOR 
GENERATOR 
SETS 





MODEI 
AUTOMATIC s EEC 
ADJUSTMENT (3 Ero 


ie 

> 

a 360 TO 440 CPS ‘ 

= Fully automatic variable frequency motor generator set adjusts 
a 

+ 


360 to 440 CPS. Generator mounted controls include reset but 
tons, limit switch. Motor and generator remain stationary. Vari 
drive pulley adjustment controlled by small motor. 


REMOTE 
CONTROL 
CONTROL PANEL Remote control fre- 
justment 
Synchronous motor Quency adjus 
from 
starter and genera- Varies speed 
tor controls includ- oe ae ee 
ing magnetic am- 
plifier, voltage reg- QUeNcy. Bench 


ulator’ in cabinet. mock-up test 
tion may be 
cated anywhere. 





MANUAL ADJUSTMENT 
45 TO 60 CPS 


7 
oe 
te Easily adjusted by simple hand 
wheel controlling variable pitch 
* 
pulley V-belt arrangement. This 
@ =~=motor generator set gives 45 to 
60 CPS output. Unit holds speed 
= accurately. Frequency meter on 
ie 
Be 
s 
oe 





a 
generator panel Single phase 


generator speed varies from 1350 
te 1950 rpm 


JuEL 
XAD8 
60 cycle A. C. 
GENERATO 
FROM 350 WATT 
K 


S R 
q Ss 
WRITE FOR FOLDER — IT’S NEW! TO 500 KVA 


128 MAXFIELD AVE. 
MANKATO, MINNESOTA 





RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 





RE NE Re RR ES TL TTY A LS LL TR ARN ea 
Circle 437 on page 17 


| 30 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 30 years of 
building one or two types 
of standard wire strippers, 
but continuous research and 
development of many wire 
strippers to meet ever 
changing needs. 


Speedcraft (illustrated) has 
widest application and su- 
perior performance on most 
kinds of smaller wire. 


For larger sizes inquire 
about our Air Operated 
Cable Stripper. 


Consult us about your wire 
- stripping problems. 








Write for complete information—sending wire samples—no obligation 


WIRE STRIPPER CO. 1729 EASTHAM AVE. 


E. CLEVELAND, OHIO 
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When You Need 
CONTACTS IN A HURRY 


Here’s how Deringer Delivery saves you 
time and increases your profits. 

Whether the contact you need is stand- 
ard or special, Deringer delivers in ac- 
cordance with your needs and in less time 
than others take to process an order. 

Our prices are competitive. You pay no 
premium for our precision quality and 
faster delivery. 


Write for these FREE 
ONTACT CATALOGS 





If delivery has ever been a problem, 


try Deringer. You'll be glad you did 


DERINGER 


Metallurgical Corporation 


8119 Monticello Ave @ Skokie, Iilinois 
PHONES: CHICAGO KEystone 9-8502 SKOKIE ORchard 5-1030 
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SPECIFY STA-KON 


7 


—TS vw , = 


ms 


SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 
® pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints large contact areas . tough, 
stable Nylon insulation . .. and a permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate +22 through 
#10 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 


ENGINEERED 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 =a 
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WebKtode 


4 
BLACK NYLON 


SCREWS 
and 


NUTS 


Acid resistant... 
Need no insulation... 
Can't rust... 

Can't corrode... 


CUT ASSEMBLY TIME 


4-40, 6-32, 8-32, 10-32 and 4-20 in 
stock. Actual production samples will 
give you the whole story. Write on 
your letterhead. 


WECKESSER COMPANY 


5711 Northwest Hwy. @ Chicago 30, Ill. 
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TUBES, THERMOCOUPLE 
Brist ( Waterbury 20, ¢ 


Kanthal Cort Amelia Place 
Cor 


TUBING, ALUMINUM. See A 
TUBING 


BRASS, BRONZE and 
PER, x nz 


Brass, Br aa a 


copP.- 


ppe 


TUBING, FIBRE. See Fibre. 


METAL 


TUBING, LAMINATED 
I Preci Ba 


La ited M 
TUBING, MICA. See M 
TUBING 


NICKEL and NICKEL ALLOY 
Nick t 


Nick \ 


TUBING, PAPER 


TUBING, SILVER. See Sil 
All 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 

t Harr Mf ( 1210 Barclay 
wk Pa 


hot er 
Resinite Dept 


nd Fibre, A Si 
Newark 13, Del 
Manufacturers Corp 565 
ngton Blvd., Chicago 6, Il 
Minnesota Mining & Mar 
Argyle Terrace, Irving 


Ave Wood 


Fiberglas Cc 598 Mad 
New York 22 Y 
5904 W. Court, Rome, N 
tric hs 
101 
a 


TUBING and SLEEVING, 
PLASTIC 
s0orden Co 
Calif 
Brand & Cc Inc 
Conr 
General Electric Co., 
tur ll 
Manufacturers Corp 5 WwW 
ngton Blvd Chicago 6, Til 
Div.. Minnesota Mining & Mar 
facturing ¢ Argyle Terrace, Irving 
ton 11, N.J 
National Vulcanized 
9, Del 
Jersey Wood Finishing Co 


EXTRUDED 


Resinite Dept., Santa Barbara 


William, Willimantic 


Plastics Dept 


Fibre Co., Wilming 


Electrical 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 

Acme Wire Ce 
Haven 1 


1255 Dixwell Ave 


Santa Bar 


eC., 242 Pater 
N. J 
am, Willima 


New York 


Pont 
Plastic 
Wilmi 

Durez 
hemical 
Tonawand 

General Ele 
Dey 

Insulat 


See juers 
Varnishes, Fir 


VARNISHES, FINISHING 
Ename Pa 


VARNISHES, INSULATING. S« 


ishes, Compound and Resins 


V-BELTS. See Dr Belt 
VIBRATION TEST MACHINES 
Genera ectric Co Apparatus Sales D 
N.d 
tric Corp., Gateway Cer 
401 Liberty Ave 


VIBRATORS 


Aerovox orp ew Bedford, Mass 


n & Radio Co 


ry 20, Conn 


P. R. Indianapo 


8 Clybourn Ave ct 


WAXES and COMPOUNDS 


Insulation Der 
Phalo Plastics C 
Worcester 8 
Rogan Brothers, 
Skokie, Ill 
United States G 
The Garlock 

N. J 
Varflex Corp., 5 
Westline Produc 
graph Co., 
54, Calif 


TUBING STEE 


Forms and Gr 


TUNGSTEN. S¢ 


Fansteel Metallu 
cag Ill 
Mallory & Cx 
Ind 


UNDERCUTTERS, 


Undercutters, 


UNIVERSAL JOINTS 3020 
Flexible (¢ 


Lovejoy 


Lake, Chicago 


VACUUM TUB 
Ray; Tubes 


VALVES, MOT 
OPERATED 


Automatic Switch Co 


Florham Park 
Automatic Timir 
of Safety Ir 
Prussia 6, Pa 
Barber-Colman 
Rockford, Tl 
Bristol Co., Wa 
Controls Co 0 
Ave Schiller 
General Electric 
Schenectady 
McQuay-Norris 
Marconi, St. I 
Mercoid Corp 
cago 41, Ill 
Skinner Electric 
Conn 
Westinghouse} 
Center, Bldg 
Pittsburgh 30 


VARNISHED 


Insulating 


Mass 


600 E. 2nd.. Los 


Biwax Corp 
Dow Corning 
General Elec 
Dept. Cosh 
Mica Insu 
Mining & 
tady 1, N 
Minnesota M 
Products I 
Paul 6, M 
Zophar Mills 
Angeles 32, N. ¥ 


t., Woodbridge, N. J 


orp., Commercial & Foster 


8027 N. Monticello Ave., 


asket P 
Packing (Cx 


Div. of 
Camden 1 


astics 


04 W. Court 
ts, Div 


Rome, N. Y 
Western Litho 


L. See 
ides Insulation 
Washingtor 
Mica Insulat 
Mining & 
tady 1, N 
National Vul 
ton 99, De 


e also Contacts 


urgical Corp North Chi 


In P. R.,. Indianapolis 


WELDING 
MICA 


Precision W 
Ibsen 
Revere Coppe 

uplir s o. Ave New 
44, Tl Sciaky Brot 
Chica 3 


ES. See Tubes, Cathode Westinghouse 


Electron ter Ide 


Pittsburgh 


ORIZED or SOLENOID 


WELD NUTS. See 


10-M Hanover KR 
N. J 

g & Controls, Inc., 
dustries Ir King of 


Sub. Torrington M 


Conr 
1203 Rock 


ator Co 


Manufacturers 


General Elec 
Div Schenectady 9 


hers In 


1443 Howard, Skokie, I 
Corp., Midland, Mich 
tric Co., Laminated Products 
octon, Ohio 
Sub. of 
Manufacturing Co., 
y 
ining & Mfg. Co., Electrical 
viv 0 Fauquier Ave 


Minnesota 
Schene 


ing 


Ir 112-130 26th, Broek 


WEDGES and PEGS, ARMATURE 


Corp., 565 W 
Chicago 6, Til 

Sub. of Minnesota 
ifacturing Co., Schene 


1 Blvd., 
or Co 
Mar 
Y 

canized 


1 


Fibre Co., Wiln 


EQUIPMENT 


tri Co., Apparatus Sales 
5, N. ¥. (Are) 
elder and Flexopress 
Ave.. Cincinnati 9, 
r and Brass Inc., 
York 17, N. ¥ 
4915 W 


Corp 
Ohio 


230 Park 


67tt 
Tl 

Electric Corp 
No. 3, 401 
0, Pa 


Gateway Cer 
Liberty Ave 


Fasteners 


WHEELS BLOWER 


unufacturing 


WINDING MACHINES. See ( 


terbury 20, C ing Machin 
f America, 
Park, Ill 

Co., Apparatus 
N. Y¥ 
Manufacturing Ce 
muis 10, Mo 

4201 Belmont Ave 


Soreng 
WIRE AND 


American Br 
American Ste 
Corp., 
Ohio 
Anaconda Wi 
way, New 
Chase Brass 
ectri Cort Gateway raesiar Copp 
N 101 bherts ¢ ornish 
Pa eee York 7, N 
Essex Wire 
Fort 
General Cab) 
New York 


Sales 


Div 


Valve Div., New 


Sritair 


FABRICS 


ELECT 


Rockefeller Bldg., 


Wire Co., Inc., 


Wayne, 


es 


CABLE. BARE 

ass Co., Waterbury 20, Conr 
el & Wire Div., U. S. Steel 

Cleveland 15 

re and Cable Co., 25 Broad 

York 4, N. Y¥ 

& Copper Co., Sub. of Ken- 

er Corp., Waterbury 20, Conr 

50 Church, New 
= 

Co., Wire 

Ind 

e Co 420 
> NY 


and Cable Div 


Lexington Ave 
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Strip Wire Faster, Cleaner... ii tees-Coet Taal 
Save Time, Eliminate Rejects Assures Perfect 


Using Lonco Chemical Wire Strip- 


pers, One operator can strip over a Electrical Connection 


2,000 armatures or several thousand 2 
field coils, yoke coils, etc., per day “FZ , Every Time 
Leads are stripped brilliantly clean : 
to exact point desired. Strippers vola- 
tilize from leads in seconds, eliminat- 
ing any possibility of corrosion or leakage. 
Save time and money with Lonco Chemical 
Wire Strippers. Available in 1-gal- 
lon bottles or 6 '2-gallon carboys. 


Request bulletin. | ELECTRIC 
LONDON CHEMICAL CO., INC. CONNECTOR 


1537 N. 31st Ave., Melrose Park, Ill. 


Circle 442 on page 17 DRIVE Lg 


DYKEM 


et De at Joins Connectors To Wires 
Stops BCS = Popular xoshee . In Split Second! 
8-oz. can fitted wit 


tL dat: te La } Bakelite cap holding 
| wr soft-hair brush for ap- 

plying right at bench: 
metal surface ready for 
layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Now IDEAL, the leading manufacturer of screw-on 
wire connectors, offers a new job-designed Electric 
Connector Driver priced considerably lower than 
standard torque tools. Hand controlled, durable unit 
applies IDEAL “‘All-Plastic’’ Connectors with the exact 
torque for perfect connections. 


Be Tay) b ir 


There’s no guesswork...no clutch to adjust...nothing 
Be soe to get out of order. Motor stalls when connection is 
— ee Withovt on company letterhead secure, making it impossible to twist off wires. Light 
ee ==, THE DYKEM COMPANY weight and ease-of-handling make the tool perfect for 
2303F North lith St. + St. Louis 6, Mo. women operators. Suspend unit overhead for produc- 

tion set-ups. Five Driver Socket sizes fit all IDEAL 


Circle 443 on page 17 screw-on wire connectors. 


Write for sample 


MARK WIRES PERMANENTLY! ge Use Driver with @DEAL) 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


[F 


7 | 


i variety, mon J 
’ an and ao , ey The Lowest Priced, 
@ For aircraft, radio, tele- 


phone, motor and gener- FREE SAMPLES AND FOLDER LISTING Quality Connector Made! 
ator manufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


To make connections good for the life of your product 
NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky — at real savings — use IDEAL “All-Plastic’ Wire 


Connectors. Tough, non-porous plastic shell ‘‘armor- 
plates” entire joint. Special non-abrasive threads com- 
press, twist and grip wires, yet never cut the finest 
FOR IMPREGNATING strands. Connectors resist chemical action . . » mever 
Saaens diane, coe ee Same. crumble. Four basic sizes handle any O.E.M. job, in- 
; cluding 1000 V. fixture wiring. Try them at our ex- 
FOR SEALING Mail ] 
condensers, batteries, exposed ter- pense. Mail coupon for free samples. 
minals, etc. SOLD THROUGH AMERICA’S LEADING DISTRIBUTORS 
FOR DIPPING In Canada: Irving Smith, Ltd., Montreal 


electrical component assemblies in- 
cluding corona loss barrier mate- 


@ Aluminum, steel, brass, 


Circle 444 on page 17 


— SE IDEAL INDUSTRIES, Inc. TDEAD)\ 
FOR POTTING | 1008-J Park Avenue, Sycamore, Illinois | 


transformers and electrical com- | ( Send free catalog data on IDEAL Con- 

€ 0 M a 0 U N D S ponent assemblies with varying nector Driver. 
degrees of heat conductivity, a ” 0) Send free samples of IDEAL All-Plastic 

FOR BLENDING FOR ENCAPSULATING Connectors. We connect No 


to vour specifications. Data _ coils, electrical component assem- ——— aes i 
and samples furnished upon  blies requiring higher thermal and 


! 
| 
| 
| 
request. moisture resistance, os -s zy 
BIWAX CORPORATION as ae 

3443 HOWARD ST. SKOKIE, ILLINOIS 


4 ea Zone State 
ae 


OCTOBER 195 Circle 445 on page 17 Circle 446 on page 17 431 





Toggle-actuator Unimax USMB-1 switch — 
panel-mounting in less than 2 square inch. 


@Reliable, precision, snap-acting, 
SPDT, fully-enclosed switch for use 
in miniaturized apparatus 


@ Rating: 242 a. 30 v d-c, induc 
30 v d-c, resistive; 


250 v a-c 


. Rel Type USML 
ive; 4 a 
, 


5 a. 125 


e@Furnished to meet commer 
cial standards. Also available 
for high-temperature use up 
o 275°F. and to meet Mil 
itary Specification MIL-S-6743 


Type USMW 
Type USM)-1 


c 1 xf) 

FREE DATA SHEET on vite 
; nA 

all Unimax sub-miniature iw. \ 
switches and actuators avail- 


Type ATM.1 
able on request 


UNIMAX SWITCH 


Disision The W. L. Maxton Corporation 
IVES ROAD, WALLINGFORD, CONNECTICUT 


Circle 447 on page 17 


sa Migh Cmisily 


Coating 


Leading electrical manufacturers have 


found that coating undersides of metal 


grids in waffle 


irons and sandwich 


toasters saves at least 15°, in wattage 


SAUEREISEN 
No. 7w 


increases heat absorption, withstands thermal shock, provides a hard ceramic-like 


finish that resists water, oil, acids and temperatures up to 2500° F. Can be brushed 


or sprayed, needs no firing. Ask for catalog 


7A 


Sauereisen Cements Co., Pittsburgh 15, Pa. 
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FOLDING DOUBLE CUPPED WASHER LUGS 


oo Solderless mummy) 


Easy to Apply os 


ah No Special Tool Needed 
6Qm One-Piece Construction 
aes ele. 
CG Se aca ew aa) ae 


{2 
me 1043 EVANS STREET, CINCINNATI 4, OHIO 


Efficient in Write for 


Bulletin 8-DF 


Service 


000 


aw 
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‘ Construction Mate 
B ridgeport 2, Conn 
» American Chain 
Box 692 oo ssen, 
ainless or Carbon Steel Armature 
Banding) 


WIRE, MAGNET 


Acme Wire Co 125 
Haven 14, Conn 
Anaconda Wire and Cable 
way, New York 4 Y 
Belden Mfg. 1633 W 

Chicago 44, I 
Bridgeport Insulated 

field A Bridgeport 
Chase Brass & 


Dixwe Ave 
Co 
Van 
r Products 


Di 


N 


25 Broad 


Brook 


of Ker 
onr 


Buren 


Cable 


WIRE and CABLE, INSULATED 


N. 
7 Marshall, N 


»., 25 Br 
ABCTX 
Van Burer 


WIRE MAGHETIC RECORDING 
Ma t Recorder Components 


WIRE 
Markir 


a 7 MARKING MACHINES. 
r Sub. of Ka Machines ar Device 
Waterbury 20, Conr ‘ 
orp Wallingfor WIRE, RESISTANCE 
Brist ( Waterbury 
Driver Co Wilbur B 
Highway, Newark 4, N. 
Driver-Harris Co Harrisor 
Kanthal Corp Ame > 
Conr 
y¥ Co., J 


lia 


phone an eleg 
and BRad., Cliftor 
420 Lexingtor 


. 17 Y WIRE STRIPPERS, 
Electric Co., Construction Mate 
Bridge ort 2, Conn. (ABCX WIRE TIES 
res Ir 1200 Shames r 
r H. F. Ha 
Commercia Ave Provide 


WIRING DUCTS. See 


WIRING HARNESSES 
nd Assemblies, Wire 


WORK FEEDERS 
Mead Specialties ( 
Dept. E-47. Chicago 


WORMS 


Gear 


and WORM WHEELS 
iP 


WRENCHES 


Socket Screw Ke 


SOCKET SCREW 


WIRE CUTTERS and STRIPPERS. § saat. tannetican 
Strippers, Wit 


YARNS, BRAIDING and SERVING 
I tir 


WIR vo CUTTING PLIERS and TWIST- Fabri 
See Plier nd Cutters, Wir 


ER 
ZINC 

WIRE FORMS. §& Sr 

Flat; Stampir M 


Have you checked in for your 
gratis copy of the 1956 
ANNOTATED EDITORIAL INDEX 


See page 336 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 


Circle 450 on page 17 
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Get help in designing or 
selecting insulating parts from 
the Design Manual... 


ELECTRICAL INSULATION 


AND DIELECTRICS 


PROBLEMS — APPLICATIONS — MATERIALS 


H ERE'S a practical “work book” for engineers 
who need to keep pace with current technology 
in the swift moving field of electrical insulation 
and dielectric materials. 


The editors of ELecrricAL MANUFACTURING 
have assembled into this 130-page booklet, a 
selected group of articles dealing with the ap- 
plication of insulation and dielectrics in the de- 
sign and development of electrically energized 
products. Many of the articles include exhaus- 
tive, critical appraisal of property characteristics 
and application possibilities. 


The feature article content (with dates of 
original publication ), includes: 


Research Progress in Dielectrics (December 
1954); 

The Epoxy-Resin System for Embedded Cir- 
cuits and Components (April 1955); 

Arcing Performance of Plastics Insulation 
(April 1954); 

Dielectric Strength of Solid Insulation (May 
1954); 

Impact of High-Energy Radiation on Dielec- 
trics (June 1955); 

Deteriorating Influences on Dieletric Mate- 
rials (July 1954); 

Ferroelectric Dielectrics (July 1954); 

Applications for Gas and Liquid Insulation 
(June 1954); 

Glass-Premix Compounds for Molded Parts 
(March 1955); 

Filled Fluorocarbons—New Component Mate- 
rials (February 1955); 

Evaluating Dielectric Properties of Plastics 
Laminates (October 1954); 

Plastics Laminates Standards (November 
1954); 

Effects of Water Immersion and Humidity on 
Thermosetting Laminates (July 1955); 
Temperature Classification of Insulating Mate- 

rials (September 1954); 
European Developments in the Dielectric 
Field (August 1955). 


An annotated bibliography lists earlier articles 
containing design data that are still valid and 
applicable to current problems. 


e The Design Manual is in handy file size, 84% x 1] 
inches and is attractively bound with a heavy paper 
cover. It includes each article in complete form with all 
original illustrations, tables and text. Single copy price 
is $3.00 on orders accompanied by remittance. Orders 
should be addressed to: The Gage Publishing Company, 
1250 Sixth Avenue, New York 20, N. Y. 


Simplify 


Assembly and 


Adjustment 


installation on 
Thermostatic 
Switch 


of Screws 


—-with PALNUT 
TENSION NUTS 


How it works: 


Resilient spring design assures 
smooth but positive grip on 


screw threads for 


holding 


adjustment, despite vibration. 


Barbs at the base dig in and 
hold to prevent PALNUT Ten- 
sion Nut from changing posi- 
tion when screw is adjusted. 


on™ 


mam 


= 
Seen 
 eameorsneen 
aS 
BB 


Used on tapped plates 
or other threaded 
members. 


ee 


-. 
— 

| 

| 


Lb71 


Typical TV assembly 
on ceramic trimmer 
condenser. 


Nt 


The PALNUT Tension Nut is 
tightened once when assembled—then 
never touched again no matter how 
often the screw is adjusted. Only a 
screwdriver is needed. 


Tension Type PALNUTS are lower 
in cost, require less space, are easier 
and more economical to assemble 
than other tension devices. They 
assemble fast with manual or high- 
speed power tools. They require no 
serrations, special holes or auxiliary 
holding means, since they have a 
built-in locking action for screw 
threads and base. Various degrees of 
tension on the screw may be obtained, 
by varying tightening torques. 


Tension Type PALNUTS are avail- 
able for thread sizes 2-56, 4-36, 4-48, 
6-32, 6-56, 8-32 and 10-32. Send for 
descriptive bulletin and free samples 
for testing. 


THE PALNUT COMPANY 


66 Glen Road, Mountainside, N. J. 
Subsidiary of United-Carr Fastener Corp 


Canada: P.L. Robertson Mfg. Co., Inc., Milton, Ont. 


So BT 
WPA ® 


LT ae ae 


LOCK NUTS 
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no place for 
do-it-yourself 


commutators 


are our business 


Why get all tied up in the intri- 
cacies of commutator building? 
We have the experience, all the 
materials, and the facilities to 
build any quantity. Sizes 7/16” 
to 4” diameter. Our plant is mod- 
ern and designed specifically for 
the economical manufacture of 
commutators and slip rings. You 
get custom quality at production 
line cost. 

Delegate your commutator 
and slip ring manufacture to spe- 
cialists. Reap the benefit of lower 
costs and on-time delivery. 


Ce dd tI 


Electric Products Co. 


Circle 452 on page 17 


INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnishec 


expressly for that purpose which appear on page 17 


A’G’A Div., Elastic Stop Nut Corp. of 

America 408 
AMP Incorporated 24, 25 
Acadia Svathetic Products, Div. of Western 

Felt Works 110 
Accurate Spring Manufacturing Co 317 
Ace Electronics Associates 400 
Adams & Westlake Co.. The 193 
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Allegheny Ludlum Steel Corp. 365 
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minimum compressive strength 
are added values. And. mica can 
be readily fabricated to 
extremely close tolerances. 
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advantages when FORD shapes 
and fabricates it into the precise 
forms you need. Write for MICA 
BULLETIN and details. 
























































YOUR PROBLEM ? 


... Discuss it with FORD 
MICA engineers, backed 
by 40-year-plus leader- 
ship in mica insulation 
precision-stamping and 
fabrication. 
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iF A. W. HAYDON COMPANY'S 


ELAPSED TIME INDICATORS 


t time, 
o °F 
oO, 


INDUSTRIAL, 
AIRCRAFT 


and 


MILITARY 


applications 


7500 SERIES DC 
ELAPSED TIME 
INDICATOR 


Send for Bulletins: AWH ET600 
Basic Elapsed Time Indicators 
7500, 12500, 24200 Series. 


Now the Company offers a com- 
plete line of timing motors and devices 
to record the operating time of any 
electrical or electronic equipment. 
Compact, minimum weight, each unit 
has five digits. They can be used to 
provide daily running time plus a 
total running record, eliminating 
estimating or manual totalizing. They 
increase efficiency and reduce costs, 
since they provide the quickest way 
to know when to lubricate, overhaul 7500 SERIES RESET TYPE 
or replace equipment. They give on- ELAPSED TIME INDICATOR 


the-spot pictures of idle and waiting Send for Bulletins: AWH ET601 
periods for machinery. Used with Reset Type Elopsed Time Indica- 
electronic equipment, they tell when tors 7500, 12500, 24200 Series. 


to replace tubes, preventing costly 
failures during essential operating 
periods. 

In both AC and DC, continuous or 
manual reset for 50 or 60 up to 400 
cycle line frequency. Will measure 
hours or on down to LOths of seconds. p 
All models can be supplied with Radio is Paramount. 
Interference Filtering to meet MIL- 
1-6181B. 


Preferred Where Performance 


Shown at the left is the new A. W. Haydon Co. catalog 
describing the complete line of timing motors and 
devices; if you haven’t received your copy write for it 
on your company letterhead. 


See us at the National Electronics Conference, 
Chicago, Oct. 7-9; Booth 135-136. 


Fe a 
A.WGIAYDON Company 


Oo 234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design and Manufacture of Electro-Mechanical Timing Device~ 
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No Margin for Air- 
No Margin for Error 


ANOTHER DRIVE REQUIREMENT MEETS ITS MASTER 


Yes, it’s a fact—unless you remove the air from the 
clay, you get a no-good tile. And whether air is your 
problem, or not—error is always a problem. And it’s 
never a mistake to come to Master for the right power 
drive. In every kind of industry, Master customized 
package drives give you the utmost in flexibility, 
compactness and performance. 


Here, the primary requirement is power—and the 
husky, big 200 H.P. Master fills the bill year in and 
year out. Your requirements might be better met by 
integrating Master components into a single, efficient, 
compact unit for the right horsepower, right shaft 
speed and right mounting features. What are they? 





When you plan ¥ = your product 


look to STEMCO THERMOSTATS fist 


TYPE Ht—Positive acting, adjust- 
able, for fry pans, skillets, and other 
appliances. Fail-safe, open in low to 
500°F in high. Rated at 1650 watts at 
115 volts AC. Request Bulletin 10,000. 


TYPE $*—Adijustable (nozzle mount- 
ing shown) and non-adjustable styles. 
Positive-acting. Operation to 600°F. 
Rated at 15 amps at 115 volts AC; 7 
amps at 230 volts AC. Screw and 
spade terminals. See Bulletin 1000. 


TYPE D*—For laundry dryers or 
other surface and warm air applica- 
tions. Snap-acting disc type UL ap- 
proved for operation to 300°F. Rated 
at 25 amps at 120-240 volts AC. 
Opencr enclosed styles. Bulletin 8000. 


With competitive conditions ahead, you’re probably reappraising 
your product line. Or completely redesigning. Either way, that’s the 
time to look into the Stemco thermostat line. § Strip or disc types... 
positive or snap acting . . . adjustable or non-adjustable . . . virtually 
any type of terminal arrangement or mounting provision. We have 
no prejudices, play no favorites—we make them all. § No other line 
of bimetal thermostats has as many styles in production. This, com- 
bined with Stevens application engineering service, means you profit 
from important savings in being able to use production line Stemco 
thermostats for your special needs. Try us now. 


AA-4676 


THERMOSTATS 


efer to Guide 400 EO for UL and CSA approved ratings. STEVENS Bua DAL 


Patent Applied For 
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